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This research study was undertaken to investigate the fundamental 
sorption and desorption of selected organic pesticides by organic humic 
acids under laboratory-controlled conditions. Emphasis was placed on 
the evaluation of both the rate and the equilibrium of adsorption and 
desorption. 
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Two types of chlorinated hydrocarbon pesticides were employed in 
this study. These are dieldrin and heptachlor, both of which are com-
monly used in today's agricultural applications. The adsorbent of 
organic humic acids was extracted from a coal-like substance called 
"leonardite," which has a humus content as high as 53 percent by weight. 
The experimental work of this study was conducted in two steps. The 
first step was a batch study which was used to evaluate the rate and the 
equilibrium of sorption and desorption. The second step was a column 
study by which an aqueous pesticide solution was pumped through several 
adsorbent columns. In both steps of the study, the adsorbent was com-
posed of either organic humic acids or leonardite; in some tests these 
two materials were mixed with various amounts of montmorillonite clay in 
an attempt to evaluate their effects on the clay adsorption for pesti-
cides. 
Results of this study indicate that the relative rates of pesticide 
adsorption decrease in the order of: clay > leonardite > humic acids. 
However, the relative adsorptive capacities of these adsorbents are in 
the reverse order. Both humic acids and leonardite are able to form a 
layer of water film around the particle surface because of their hydro-
philic nature. Before the water film is developed, a large fraction of 
the initial quantity of pesticide can be adsorbed directly and rapidly 
iii 
on the particle surface. Thereafter, addi t ional adsorption appear s to 
be gradual because pesticide molecules have to diffuse through the water 
film before the adsorption takes place on the particle surface. 
The equilibrial adsorption of dieldrin and heptachlor by humic acids 
and leonardite is generally in well accord with the Freundlich isotherm. 
The adsorption is generally irreversible as evidenced by the non-coinci-
dence nature of the adsorption and desorption isotherms. This suggests 
that the mechanism of pesticide adsorption is accomplished primarily by 
some strong forces of interactions . From the chemical nature of humic 
acids and the experimental pesticides, it is believed that the adsorption 
mechanism may include , but is not limited to, the dipole-dipole or ion-
dipole interactions, and the formation of the hydrogen bonding or some 
other types of chemical bonding. 
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Pesticides are being used in increasing quantities and varieties 
for the necessary control of pests and weeds. Data published by the 
U. S. Department of Agriculture (87) show that annual organic pesticide 
production in the U. S. has increased steadily since 1951. Hill (44) 
reported in 1965 that the amount of pesticides applied to crops and 
soil averaged approximately two million pounds per day and warned that 
a tenfold increase could be expected by 1980. With the widespread 
circulation of Rachel Carson's Silent Spring (17) which vividly des-
cribes the extensive kills of wildlife by pesticides and attributes 
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the strange silence over the fields, woods and marsh in spring to the 
extensive pesticide contamination in the environment, the general 
public has been alarmed and become deeply concerned with the continuous 
use of these toxic chemicals. Interest among scientists, governmental 
officials and legislators in this subject is ever increasing and 
nowadays has reached an overwhelmingly high level. 
It is virtually certain that any chemical in widespread use will 
eventually find ways into natural waters. Pesticides may enter surface 
waters through direct pesticidal application to water and/or indirect 
application to adjacent areas, percolation and runoff from treated 
agricultural or forested lands and the discharge of certain industrial 
wastewaters. Several investigators (12, 94) have reported that many 
pesticides, especially chlorinated hydrocarbons which totaled one-fourth 
consumption of all pesticides used in 1965 (67), are found in various 
amounts in major rivers and lakes in the U. S. and that in some cases 
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they have created many problems such as the massive destruction of fish 
in the lower Mississippi River (7). This is primarily because these 
w~terials have been used to a very large extent and they are extremely 
toxic to fish and highly persistent in the environment due to their 
resistance to biodegradation (43, 82). Chlorinated hydrocarbon pesti-
cides are extremely hydrophobic in nature and they may be easily ad-
sorbed on soils, finely divided clays and organic humic sludge following 
their applications. Some of these "Pesticide-coated" soils, clays and 
organic humic solids may be transported with storm runoff to natural 
aquatic systems. In fact, pesticides have been detected in aquatic 
sediments of many major U. S. lakes and rivers. The concentrations of 
pesticides in the sediments are almost invariably much higher than those 
contained in the overlying water (6). Under certain conditions part of 
the sorbed pesticides could be desorbed from the aquatic sediments and 
released into the water phase in order to maintain a dynamic equilibrium 
system. As a consequence, the desorption of pesticides provides a 
continuous supply of these toxic materials to water and creates many 
serious water pollution problems. Generally speaking, the exact fate 
of pesticides in a dynamic aquatic system has not been well established 
because of its complexity (48). 
In order to estimate the amount of pesticides that is transported 
in rivers and streams, or the amount that accumulates in lakes, reser-
voirs and other aquatic systems, or in estimating the potential conta-
mination of ground waters by leached pesticides, it is important to 
understand fully the sorption and desorption of these materials by soils 
and aquatic sediments, of which clays and organic humic sludge are two 
major components. Although numerous research activities in recent years 
have been devoted to the investigation of water pollution by organic 
pesticides, most of these studies have concentrated only on the detec-
tion and identification of pesticidal residues in water and their 
subsequent effects on the aquatic life. Up to now there has been only 
a relatively few investigators who have undertaken the study of the 
sorption and desorption of organic pesticides by soils and aquatic 
sediments (3, 50). Also, the degree of persistence of pesticides in 
aquatic sediments has received relatively scant attention in the past 
two decades. Only a limited number of researchers have reported that 
the presence of organic matter in a sediment sample would largely 
increase the pesticide-adsorbing capacity of the sediment (23, 27, 61). 
A. Objectives 
J 
The purpose of this research investigation was to study the funda-
mental sorption and desorption reactions of selected chlorinated hydro-
carbon pesticides by soil organic humus under laboratory-controlled 
conditions. Emphasis was placed on the evaluation of the rate of uptake 
and the equilibrium of adsorption. The data were contrasted with the 
clay adsorption results which had been obtained in a previously related 
study (59). The effect of organic humus on the clay adsorption capacity 
was also determined. 
B. Scope 
Two types of chlorinated hydrocarbon pesticides were chosen for 
this study. These were dieldrin and heptachlor, both of which are most 
commonly ~sed in the United States. Also, these two chemicals had been 
employed in a previously related study (59). 
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The experimental work of this study was conducted in t~w steps. 
The first step was a batch study which was used to evaluate the rate of 
uptake and the equilibrium of adsorption. The second step was a column 
study by which an aqueous pesticidal solution was forced through several 
adsorbent columns. In both steps of study the adsorbent was composed of 
organic humic sludge and various amounts of montmorillonite clay 
minerals. 
The organic humic sludge which was employed in this investigation 
was extracted from the air-dried, pulverized leonardite coal. This type 
of coal had a high organic humic sludge content, amounting to approxi-
mately 53 percent by weight. 
CHAPTER II 
LITERATURE REVIEW 
A pertinent literature survey had been conducted for this study. 
The collected information is organized into the follo~ing three cate-
gories: a) contamination and fate of pesticides in the environment; 
b) sorption and desorption of pesticides by soils and clay minerals; 
c) interactions among pesticides, clays and organic materials. 
A. Contamination and Fate of Pesticides in the Environment 
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Contamination of the environment by organic pesticides has aroused 
a rapidly growing public concern over the past decade (4, 11, 12, 29, 
68, 86). This is not only because pesticides have been used in increas-
ing quantities and varieties (39, 79, 90), but also because of their 
high persistence in the environment (2, 73, 74), their great toxicities 
to many higher forms of aquatic life (41, 54, 83, 84, 89), their strong 
tendency to concentrate in successive positions of the aquatic food 
chain (4, 19, 52), their potentials of adsorption on and accumulation in 
aquatic bottom sediments (4, 6, 50, 61), their possible health hazards 
to man (4, 71, 73), as well as their uncertainly eventual fate after 
agricultural application (98). 
Organic pesticides have been found to enter surface waters through 
direct pesticidal application to water, indirect application to the 
adjacent areas, percolation and runoff from treated agricultural or 
forested lands, discharge of certain industrial wastewaters, and in some 
instances accidental spillages. Agricultural usage of pesticides can 
result in widespread, low level, chronic contamination of surface waters 
through land drainage. Hindin et al. (45) disclosed that some insecti-
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cides when applied to an irrigated plot a little less than 0.01 percent 
of these chemicals could be removed by runoff water and water-borne silt. 
Extensive surveillance for chlorinated hydrocarbon pesticides in 
major U. S. river basins has been conducted by the U. S. Public Health 
Service since 1957 (12), and it has been disclosed that the presence of 
DDT and related compounds has been fairly common and that dieldrin has 
dominated the pesticidal occurrences in all river basins since 1958. 
Middleton and Lichtenberg (66) found that a concentration of one to twenty 
ppb of DDT was present in several rivers. Breidenbach and Lichtenberg 
(13) reported that an approximate concentration of one to two ppb of 
DDT and dieldrin was found in 10 streams in the United States in 1963. 
Thoman and Nicholson (85) indicated that the following pesticides have 
been found at various concentrations in many large rivers and lakes in 
the United States: DDT, endrin, dieldrin, TDE, toxaphene, BHC, parathion, 
2,4-D, 2,4,5-T and fenac. 
Some pesticides can leach through soils and thereby contaminate 
ground waters (102). In some areas, it has been found (77, 91) that the 
pesticide contamination in the well water could persist for almost five 
years. 
Pesticides can also volatilize to atmosphere after field applica-
tion and then be transported in air by wind and deposited on areas 
remote from the original source of application. Weibel ~ al. (96) 
identified traces of pesticides present in the precipitation at Cincin-
nati in 1965. They found that the precipitation contained variable 
concentrations of DDT, DDE, chlordance, heptachlor epoxide, and dieldrin, 
etc. Similarly, Cohen and Pinkerton (18) also observed some pesticides 
in rain water. 
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The presence of pesticides in drinking water can cause adverse 
effect on water qualities such as toxicity, bad taste, and offensive 
odor and this has caused much concern since the last decade (29, 102). 
Unfortunately, recent studies (18, 73) have shown that the conventional 
water treatment method, which generally incorporates chemical clarifi-
cation, filtration and chlorination, is not very effective in removing 
organic pesticides from water. Schafer et al. (78) reported that over 
60 percent of the finished water samples collected from 10 selected 
municipal finished water supplies between March 1964 and June 1967 
contained detectable concentrations (less than 0.1 ppb) of lindane and 
BHC, more than 40 percent of the water samples contained detectable 
dieldrin and more than 30 percent had detectable endrin, p,p'-DDT and 
p,p'-DDE. About 20 percent of the samples contained chlordane at 
detectable levels and some were in excess of 0.25 ppb. Some pesticides 
such as aldrin, HCE and heptachlor were found only occasionally. No 
toxaphene nor methoxychlor was detected. Middleton (65) also verified 
that DDT, aldrin and many other trace pesticides were recovered from 
river and drinking waters. 
The persistence of various chlorinated hydrocarbon pesticides in 
the environment has led to a great concern over their harmful effects on 
both wildlife and human beings. ~%eatley (99) reported that the half-
lives for soil pesticide residuals could range from 25-40 years for DDT 
down to 15-20 weeks for lindane. But residues of DDT would generally 
disappear fairly rapidly from water by accumulating in greater concen-
trations in sediments, vegetation and aquatic fauna in which they would 
remain extremely persistent (15, 19, 20). A typical example is the 
observation of more than 1,000 mg/1 of DDT detected in fish and birds 
at Clear Lake, California, more than a year after a parts-per-billion 
application to the lake water (52). The high toxicities of chlorinated 
hydrocarbons to fish have also been determined by many investigators 
(41, 54, 83, 84, 89). In general, endrin, which has a 96-hour mean 
tolerance limit (TLm) of 1.3 ppb, was found to be the most toxic pesti-
cide to fish at the present time (41). The less toxic chlorinated 
hydrocarbon pesticides to fish were toxaphene, dieldrin, aldrin, DDT, 
methoxychlor, heptachlor, lindane, chlordane and BHC. Endrin was also 
the major blame for the massive fish kills in the Lower Hississippi 
River in the winter periods from 1960 to 1964 (88). 
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Most of the fish kills by pesticide pollution are either due to the 
physical clogging of gill membranes by these chemicals, thereby blocking 
the gas exchange capacity, or due to the excessive physiological concen-
tration of these poisons through the food chain - a process called 
11biological magnification" (49). The lower organisms, such as algae and 
insects, in the aquatic food chain are able to accumulate pesticides 
many times from water, thus initiating the biological magnification of 
these chemicals. Fish that prey on these microflora and microfauna will 
then accumulate even higher levels of the pesticides in their fat. 
Westlake and Gunther (97) reported that DDD (TDE) was applied to the 
water in Clear Lake, Calif., to control gnats at a dosage of 14 ug/1 and 
it was later found that the planktons in the lake accumulated 5 mg/1 of 
DDD residue and the fish accumulated 40 to 2,500 mg/1 of the insecticide 
in their fat. 
The accumulation of pesticide residues in human bodies is believed 
to be primarily through drinking water supply and consumption of fish 
and other pesticide-contaminated food. Durham (22) indicated that a 
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pesticidal intake of 0.002 mg each person through his daily water con-
sumption of 2 liters would represent only about 5 percent of his daily 
DDT intake in food. At this level of pesticidal intake through drinking 
water even the most toxic pesticide would be significantly below the 
level that has been shown to be hazardous on an acute or subacute basis 
(71). Fish consumption rarely reaches 10 percent of man's dietary 
intake and thus it is not likely that this would significantly affect 
the man's total accumulation of pesticides. However, it is necessary 
to conduct further research to determine if there could be some syner-
gistic effects for the long-term accumulation of different pesticides 
in the human body. Ettinger and Mount (26) have developed a set of 
maximum reasonable allowances (Table 2-1) of chlorinated hydrocarbons 
in water according to the following two guidelines: 
1. Fish can concentrate a toxic chlorinated hydrocarbon pesticide by 
a factor of as much as 10,000. (Presumably, much higher concentra-
tions will sometimes be encountered where predation and food chain 
concentrations are factors.) 
2. The lowest dietary level of pesticide which has been shown to have 
an effect on mammals is the minimum level acceptable in the habitat 
as established by the Advisory Committee on Use of the Public Health 
Service Drinking Water Standards - 1965. 
The fate of pesticides in a dynamic aquatic system has not been 
well established because of its complexity (48). Part of the applied 
pesticides can be lost through direct volatilization, microbial degra-
dation, chemical degradation and hydrolysis, and ultraviolet light 
decomposition. Lichtenstein et al. (60) found that the persistence of 
aldrin in soil depended largely on the presence of water in the soil. 
Table 2-1 
Maximum Reasonable Allowances of Chlorinated Hydrocarbons in Hater 
[After Ettinger and Mount (26)] 













They concluded that once aldrin had been displaced by water from the 
soil particles, a major part of the insecticide would be lost by vola-
tilization. Huang (49) reported that the rate of heptachlor volatiliza-
tion from an aqueous solution was faster than dieldrin. Bowman et al. 
(8) also found that aldrin and heptachlor were more volatile than the 
other compounds tested. 
It is well recognized that most chlorinated hydrocarbon pesticides 
are extremely persistent in the soil system because of their resistance 
to biodegradation. Okey and Bogan (70) reported that the metabolic 
activities for lindane, DDT and endrin were nil while that of heptachlor 
was slight. Martin et al. (62) have also observed that lindane, DDT, 
heptachlor and endrin are not affected by, nor do they affect, soil 
bacteria. Kugemagi ~ al. (55) further concluded that the natural 
decrease in field levels of heptachlor was not associated with the 
action of soil bacteria. The anaerobic degradation of chlorinated 
hydrocarbon pesticides has been investigated by Hill and McCarty (43). 
They concluded that many of the chlorinated hydrocarbon pesticides were 
degraded under suitable, biologically active anaerobic conditions and 
that the degradation of most of the pesticides studied was more rapid 
under anaerobic than under corresponding aerobic conditions. 
While the biodegradations of chlorinated hydrocarbon pesticides are 
generally nil or insignificant, the existence of microorganisms which 
can utilize 2,4-D and its homologous substances as the sole carbon 
sources has been reported by many investigators (1, 53, 69). Various 
degrees of other pesticidal degradation have also been found to occur 
readily under active biological systems (8, 43, 70). For example, 
Randall and Lauderdale (72) found that activated sludge was able to 
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remove 99 percent of ~alathion at a concentration of 100 mg/1 ~ithin 
a period of 24 hours. 
Although some pesticides are relatively stable in aqueous solutions 
under various enviro~ental conditions, others are subjected readily to 
chemical degradation and hydrolysis in the presence of sufficiently high 
concentrations of o~idants or under strong alkaline environments. 
Buescher et al. (16) ~eported that dieldrin ~as completely oxidized by 
chlorination ~hile lindane was not substantially affected. Robeck et al. 
(73) also indicated chlorine and potassium permanganate were not effec-
tive in removing lindane and DDT in a 90-minute contact period. Similarly, 
Leigh (57) observed the extremely high chemical stability for lindane, 
DDT, and endrin, but not for heptachlor ~hich ~as highly susceptible to 
oxidation by potasst~~ permanganate and ~as partially decomposed by 
chlorination. Unde~ an alkaline condition, lindane was subjected to 
dehydrochlorination to Yield 1,2,4-trichlorobenzene (64). Leigh (57) 
also indicated that lindane was almost completely decomposed at a pH of 
11.5. In addition to lindane, DDT was also observed (30, 57) to undergo 
dehydrochlorination readily unde~ an alkaline environment and form an 
insecticidally inert compound. 
Some pesticides can be excited and decomposed by the irradiation of 
ultraviolet light. fleck (31) conducted a study and found that ultra-
violet light cataly~es the deco~position of DDT. Dieldrin can also be 
decomposed by ultraviolet irradiation to yield a major product of 
pentachlor derivative that is less toxic than dieldrin to flies, but 
more toxic to mice (4~). 
Some pesticides can leach through the soil and thereby contaminate 
the ground ~ater (102). Other pesticides, such as chlorinated hydro-
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carbon insecticides, are extremely hydrophobic in nature and can be 
concentrated easily on soils and finely divided clays. After adsorption, 
small fractions of some pesticides are gradually desorbed and released 
into the overlying water where the pesticidal concentration is main-
tained at a dynamic equilibrium level. In fact, pesticidal residues 
not only have been detected in almost all major U. S. rivers (12, 83, 84) 
with larger concentrations being found in the sediment phase than in the 
overlying water (6), but they have also virtually contaminated the entire 
globe as evidenced by the disclosure that penguins and crab-eating seals 
in Antarctica have DDT in their fat (93). 
B. Sorption and Desorption of Organic Pesticides by Soils and Clay 
Hinerals 
There have been relatively few investigations on the behavior of 
sorption and desorption of organic pesticides by soils and clay minerals. 
Most of the early research works were only concerned with the behavior 
of insecticides in various types of soil, with emphasis on the evalua-
tion of the interactions between pesticides and soils and the resulting 
effects on the residual pesticidal bio-activities. The factors respon-
sible for the degradation of insecticides in soils also attracted much 
attention of recent researchers. 
Swanson~ al. (81) conducted a study by leaching a solution of 
lindane through columns which contained various earth materials. They 
concluded that adsorption, not cation exchange, was the principal 
mechanism involved in the retention of lindane. Edwards et al. (23) 
found that sandy soils permitted sufficient release of aldrin to kill 
mosquitoes effectively, whereas muck soils gave poor release. They 
concluded that the organic content of the soil was the major factor 
governing the release of aldrin. The work of Hheatley et al. (100) 
indicates that the half-life of dieldrin is approximately four years in 
a mineral soil and five to seven years in an organic soil. Wheeler et 
al. (101) found that the uptake of dieldrin by plants grown in sand was 
considerably higher than that of plants grown in soil. 
Eye (27) studied the adsorption of dieldrin on several types of 
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soil and found that the adsorption at equilibrium followed the Langmuir 
isotherm. In both equilibrium and column percolation experiments, the 
cation- and the base-exchange capacities, the specifica surface areas and 
the clay content of the various soils did not appear to affect the 
adsorption capacity strongly, but higher organic contents present in 
soils tended to increase the adsorption. Lichtenstein and his colleagues 
(60) monitored the precipitation of aldrin to the bottom of lake and 
found that the presence of lake bottom mud in water enhanced the aldrin 
precipitation. Lotse et al. (61) conducted an investigation on the 
adsorption of insecticides on eight intact lake sediments using the 
radiochemical technique in an attempt to evaluate the insecticide accu-
mulation in lakes. They found that lindane adsorption was affected by 
sediment suspension concentration, organic matter content, lindane 
concentration, clay content and lindane-to-sediment ratio and the 
adsorption data fitted well the Freundlich equiation. As the lindane 
molecule is neutral and not subject to ionization, van der Waals forces 
and hydrogen bonding were considered the most feasible adsorption 
mechanisms. 
There are many factors which may affect the complex mechanism of 
pesticidal sorption and desorption. Bowman et al. (9) utilized the 
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electron-capture gas chromatographic technique to study the behavior of 
11 chlorinated insecticides in eight types of soil under laboratory-
controlled conditions to provide a better basis for understanding and 
predicting the fate of these pesticides. Factors studied were volatili-
zation, degradation, elution with hexane (a nonpolar solvent) and leach-
ing of·the toxicants by water. Bailey and White (3) reviewed several 
factors including pH, temperature, types, nature and moisture content 
of soil which influenced the sorption and desorption of organic pesti-
cides by soil. Recently Huang and Liao (48, 49, 50, 51, 59) evaluated 
the adsorption of DDT, heptachlor and dieldrin on three types of clay 
(kaolinite, montmorillonite and illite) and found that pesticidal 
adsorption by clays was very rapid and the equilibrium adsorptions were 
in reasonable accord with the Freundlich equation. They disclosed that 
the pesticidal adsorption capacitites were dependent upon the specific 
pesticide-clay combination. For instance, the relative magnitude of DDT 
adsorption on different materials decreased in the following order: 
montmorillonite > kaolinite ~ illite; whereas the magnitude of heptachlor 
decreased as follows: montmorillonite ~kaolinite> illite. In the 
adsorption of dieldrin, it was found that illite adsorbed slightly more 
pesticide than montmorillonite which in turn adsorbed a little more than 
kaolinite. Huang and Liao pointed out that the mechanism of pesticidal 
adsorption by clays could not only be attributed to the van der Waals 
forces, but more importantly involved the dipole-dipole and/or ion-
dipole interactions, formation of the hydrogen bonding or some other 
type of chemical bonding. This suggestion was further supported by the 
desorption data obtained from the dieldrin-montmorillonite and heptachlor-
illite systems, which indicated that pesticidal adsorption by clay was 
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relatively irreversible. In the former case, the desorption of dieldrin 
occurred only to a very small extent; in the. latter case, there was 
almost no heptachlor desorption at all. Further research studies con-
ducted by Huang (46, 47) indicate that the pesticidal uptake and release 
by the aquatic sediments are not significantly influenced by the pH, 
temperature, salt (NaCl) concentration and several representative organic 
pollutants present in water. 
It is interesting to note that algae appear to have a greater 
adsorption capacity than clays. Hill and McCarty (43) reported that a 
mixed culture of algae had a greater adsorption for DDT than bentonite. 
They also found that the adsorptions of chlorinated hydrocarbon pesti-
cides on bentonite clay and algae were inversely proportional to the 
pesticide solubilities. 
C. Interactions Among Pesticides, Clays and Organic Materials 
Hany early studies have shown that organic molecules can react with 
clays, particularly with montmorillonite (24, 25, 33, 34). It has also 
been indicated that organic compounds with polar active groups can be 
adsorbed easily by the clay minerals (10, 21). 
The reaction of organic matter with montmorillonite has been 
studied more thoroughly than with any other clay minerals primarily 
because montmorillonite is an expansible clay (36). Debye (21) postu-
lated that the positive ends of polar organic molecules could be 
attracted by the negative centers of the montmorillonite clay structure. 
Bradley (10) concluded that the polar organic molecules were held to the 
clay surface through the hydrogen bond. Russell et al. (76) conducted a 
sutdy of the adsorption of 3-aminotriazole by montmorillonite and 
reported that the 3-aminotriazole molecule was protonated when it was 
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adsorbed on the montmorillonite clay surface to form the 3-arninotriazo-
lium cation. They concluded that the protonation of the 3-aminotriazo-
lium was the result of the direct coordination of the highly polarized 
+') +c' N.+;J water molecules with polyvalent cations such as Ca ' , Cu ' , 1 , and 
Al+3, etc. 
Grim et al. (37) have shown that the water sorption properties of 
illite was reduced by the ionic reactions of the clay mineral with 
organic ions. Bradley (10) pointed out that the adsorption of polar 
molecules would take place on the surface of illite. He also indicated 
that organic molecules could not penetrate into the spacings between the 
unit layers of illite since this clay mineral is nonexpansible. 
There are two general types of adsorption between pesticides and 
clays. One is physical adsorption and the other is chemical adsorption 
(3). Physical adsorption is either due to the van der Waals attraction 
or due to dipole-dipole interaction, polarization or induced dipole inter-
actions, dispersion interactions, or ion-dipole interactions in addition 
to the Born repulsion interactions. Chemical adsorption is due to 
coulombic forces which result in bond formation between the adsorbent 
and adsorbate. A hydrogen bond may be classified under either physical 
or chemical adsorption, depending on whether the parameter of heat of 
adsorption or bond formation is taken as the major criterion for classi-
fication (3). 
Huang and Liao (SO) have recently described the adsorption mecha-
nisms of pesticides by clay minerals. They indicated that the adsorp-
tion of DDT and heptachlor by clays is attributed largely to the forma-
tion of hydrogen bondings. In order to allow as many molecules of a 
pesticide as possible to concentrate on the surfaces of the clay particles 
and to diffuse readily without much hindrance into the montmorillonite 
interlamellar spaces, DDT and heptachlor molecules will tend to twist 
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or orient their direction toward the optimum position or both. In most 
cases the optimum position is flat. Because of the nature of molecular 
configurations, it is relatively easy for these two pesticides to form 
hydrogen bondings with the clay minerals and with the pesticides them-
selves, thereby forming rigid multilayer adsorptions. On the other hand, 
although the dieldrin molecule possesses a certain dipole moment and has 
a potential to form hydrogen bondings with clay minerals and with the 
molecules of the pesticide as well, the presence of a very active, three-
membered epoxide ring at one end of the molecule largely precludes the 
opportunity of forming hydrogen bondings. This is because the highly 
active epoxide ring preferentially reacts strongly with the electron-
rich oxygen atoms on the clay minerals. As a result, all the dieldrin 
molecules adsorbed on clay minerals have a fixed orientation, with the 
epoxide ring being directed toward the oxygens on the clays. The fixed 
orientation of the adsorbed dieldrin molecules blocks the entrance of 
additional pesticide molecules into the montmorillonite interlamellar 
spaces. Furthermore, the definite orientation of the adsorbed monolayer-
of dieldrin creates a certain spatial hindrance for further adsorption 
of pesticide through the hydrogen bonding formation. This eliminates 
the opportunities for allowing large amounts of dieldrin molecules to 
form a rigid multilayer adsorption. 
CHAPTER I II 
HATERIALS AND EQUIPl1ENT 
The materials and equipment which \vere employed in this research 
are described in this chapter. 
A. Haterials 
1. Pesticides: Dieldrin and heptachlor were the two pesticides 
selected for this investigation; both of them are chlorinated hydro-
carbons and commonly found in agricultural applications. 
Chlorinated hydrocarbon pesticides in natural water are of parti-
cular concern not only because the consumption of these chemicals 
totaled approximately one-fourth of all the pesticides used in the 
United States (67), but because they are extremely persistent in the 
environment and highly toxic to fish and many other aquatic organisms. 
They can also exert adverse effects on man through his drinking water 
supplies and food. 
The chemical structure, physical and chemical properties of these 
two pesticides are described as follows: 
a. Dieldrin: The pesticide of dieldrin used in this study was 
supplied by Shell Chemical Company, New York. TI1e chemical name for 
dieldrin is 1, 2, 3, 4, 10, lO-hexachloro-6, 7-epoxy-1, 4, 4a, 5, 6, 
7, 8, 8a-octahydro-l, 4-endo-exo-5, 8-dimethanonaphthalene. Its che-
mical formula is c12H8Cl 60. The graphic formula for this compound is 
shown in Fig. 3-1. 
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Dieldrin is an epoxide of aldrin; it has an extremely low solubi-
lity in water. The apparent solubility of dieldrin in water ranges 










stable to the action of alkali, but when dieldrin is refluxed with 
halogen acids, the compound of halohydrin of dieldrin is formed (38). 
It can be converted to aldrin by treatment with acetic and hydrobromic 
acids (64). Microorganisms (43, 63) and ozone (73) can degrade diel-
drin to other compounds. 
b. Heptachlor: An analytical grade heptachlor was obtained for 
this study from Velsical Chemical Corporation, Chicago, Illinois. The 
chemical name for heptachlor is 1, 4, 5, 7, 8, 8-heptachloro-3a, 4, 7, 
7a-tetrahydro-4, 7-methanoindene. Its chemical formula is C H5Cl . 10 7 
The structural formula of heptachlor is shm·m in Fig. 3-1. 
Heptachlor is an unsaturated cyclodiene. It is relatively insolu-
ble in water. Liao (59) found that heptachlor has a solubility of 23 
ppb at l0°C and 48 ppb at 30°C. This chemical is stable under exposure 
to heat at 160°C, or to light, moisture and air. It is also stable 
under prolonged contact with acids, bases and oxidizing agents; but it 
can be slightly degraded under anaerobic biological conditions (43). 
2. Clay mineral: Montmorillonite is the only clay mineral selected 
for this study. This clay is of crystalline form and commonly found in 
soils and aquatic sediments. 
The montmorillonite clay used in this study was supplied by the 
General Research Laboratory of W. S. Dickey Clay Manufacturing Company, 
Pittsburgh, Kansas. After the clay was obtained from the supplier, it 
was properly ground and sieved. Only the fraction of clay that passed 
through the U. S. Standard Sieve No. 200 (A. S. T. H. Specifications) 
was used for the experiment. The opening of this sieve is 74 microns, 
or 0.0029 inches. A microscopic examination employing a Whipple Disc 
was made to determine the size of the clay mineral. The approximate 
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particle size of the majority of montmorillonite was found to be one to 
two microns. 
Nontmorillonite is composed of unit layers each of which consists 
of two silica tetrahedral sheets that sandwich an alumina octahedral 
sheet, as shown in Fig. 3-2 (35, 36). The bonds between the montmoril-
lonite unit layers are weak, so water and other polar molecules can 
penetrate into the interlamellar spaces and cause expansion. Thus, 
montmorillonite is an expansible or swelling type of clay. The charge 
deficiency that is caused by the isomorphic substitution (e.g., Al+ 3 
for Si+ 4 in the tetrahedral layer) within the montmorillonite structural 
lattice is balanced on the outside of the crystal by such inorganic 
cations as sodium, calcium and magnesium, which form some of the cation 
exchangeable sites. 
Table 3-1 
Ion Exchange Capacities and Specific Surface Areas for 
Montmorillonite and Several Other Soil Constituents 
Soil Constituent Cation Exchange Capacity Specific Surface (meq/lOOg) (m2/g) 
Hontmorillonite 80 to 150 600 to 800 
Organic Hatter 200 to 400 500 to 800 
Illite 10 to 40 65 to 100 









e Aluminum, iron, magnesium 
o 8 • Silicon, occasionally aluminum 
Fig. 3-2. Structural Sketch of Hontmorillonite 
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Both the ion exchange capacity and the specific surface area of a 
clay mineral may be important in affecting the adsorption reaction. The 
ion exchange capacity of a clay determines its extent of uptake of cer-
tain ions. The surface area of a clay provides the necessary sites for 
adsorbing organic molecules such as pesticides. The ion exchange capa-
city and the specific surface area of montmorillonite are contrasted in 
Table 3--1 to those of other soil constituents such as organic matter, 
illite and kaolinite (3). 
The organic content and the pH of the experimental clay were eva-
luated by Liao in a previous study (59) and the results are shown in 
Tables 3-2 and 3-3 respectively. 
Table 3-2 
Organic Content of Hontmorillonite 
Organic Content of the Experimental Hontmorillonite 
Total Carbon Test COD 
(mgC02 /g clay) (mg/g clay) 
1.60 1.57 
Table 3-3 
The pH of Montmorillonite-Water Suspension 
pH at the Montmorillonite Concentration of l 
10% 1.0% 0.1% 0.05% 0.01% I 
8.5 8.0 7.4 7.0 6.8 
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3. Humic Sludge (Humic Acid): The term 11humic acid'' was first applied 
in 1826 by Sprengel (104) to that brown amorphous precipitate (sludge) 
which was obtained by acidifying the alkali extract of decayed organic 
matter in soil. In 1922, Odin (104) redefined humic acids* as yellow-
brown substances of unknown constitution, formed in nature by decompo-
sition of organic materials under atmospheric influence, or in the 
laboratory by chemical action. 
Humic acids can split off hydrogen ions and form typical salts with 
stron bases and usually are insoluble in water, soluble in alkali, and 
reprecipitated by acid. In general, humic acids are not chemically uni-
form substances, but are hydrophilic, reversible colloids with molecular 
weights varying from 300 to as high as 10,000. Their micelles carry a 
negative charge. The alkali solubility of humic acid is due to carboxyl 
and phenolic hydroxyl groups which account for about 22 percent of the 
weight of the molecule. 
Youngs and Frost (104) expressed that humic acids is an essential 
part of soil. They stated that it is this material, present in "ggod 
soil," which fixes nitrogen, makes available to the plant- through base 
exchange- the soil nutrients, and improves the physical structure of 
the soil. 
* The terms "humic acid" and "humic acids" are used interchangeably 
throughout the literature. The term "humic acid!! is a singular collec-
tive noun which is used to describe the entire group of organic compounds. 
However, many authors use the plural term "humic acids 11 to imply that all 
of the organic compounds within the group are not similar, and that humic 
acid is actually composed of several different types of humic acids (58). 
26 
Russel (75) established a general outline, which is shown in Fig. 
3-3, to describe the fractionation products of soil organic matter. TI1e 
extraction of humic matter from a soil can be accomplished according to 
this fractionation scheme. As shown in Fig. 3-3, the two basic fractions 
of soil humus are fulvic acid and humic acid. The former remains soluble, 
while the latter is precipitated as a series of colloidal organic com-
pounds under an acidic environment. 
The humic acid employed in this study was obtained from the extrac-
tion of a coal-like substance called leonardite, which was supplied by 
Truax-Traer Coal Company in St. Louis, }1issouri. Leonardite is a natu-
rally oxidized material and has been given the name after A. G. Leonard, 
who was the early director of the North Dakota Geological Survey and did 
much of the early studies on the leonardite deposits. The physical 
nature of leonardite is very similar to lignite and appears to be soft, 
earthy and black-brown. But the chemical constituents are different 
between the two, especially with respect to their oxygen and ash con-
tents. On the basis of solubility characteristics, chemical and spectral 
properties, and the results of microscopic examination, it appears that 
the leonardite is essentially a mixture of humic acid salts admixed with 
some mineral matter such as gypsum, silica, and clay (32). At a natural 
water content of 89 percent in the field, the leonardite has a physical 
structure resembling that of a highly organic soil, slthough it lacks 
any characteristic organic odor. The ultimate compositions of the ori-
ginal leonardite and the humic acid extracted by lN NaOH from leonardite 
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Fig. 3-3. A General Outline of the Fractionation Products 
of Soil Organic Matter [After Russel (75)] 
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Table 3-4 
Analyses of Lignite Materials* 
Constituents Leonardite 
Humic Acid Extracted 
(Percent by Weight) From Leonardite (Percent by Height) 
Ash ~~* 18.7 3.9 
Hydrogen *** 4.0 3.4 
... ** Carbon" 65.2 63.5 
Nitrogen *** 1.3 1.3 
Oxygen *** 26.6 31.1 
Sulfur *** 2.9 0.7 
* After Leszkiewicz (58). 
** On a moisture-free basis. 
*** On an ash-free, moisture-free basis. 
The detailed procedure used in this study for the extraction of 
humic acid according to the fractionation outline presented in Fig. 3-3 
was similar to the method first suggested by Youngs (103) and is de-
scribed in Appendix I. The extracted humic acids were dispersed in a 
bottle of water for storage as a colloidal suspension. The volatile 
solids content of the air-dried humic acid was found to be 77.90 per-
cent by weight through heating in a muffle oven for 3 hours at 600°C. 
4. Carrier Solvent: For the following two reasons a carrier solvent 
was used to disperse the pesticides in water: 
i) Both of the two chlorinated hydrocarbon pesticides employed in 
this investigation are relatively insoluble in water. It is difficult 
or even impossible to dissolve completely a fixed quantity of pesticide 
in water. 
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ii) It was found by the gas chromatographic analysis that the two 
pesticide samples used in this study consisted of some impurities which 
had much higher solubilities than the pesticides themselves. Therefore, 
after dispersing an excessive amount of pesticides in water, the quanti-
ties of impurities dissolved in water were much more than the amounts of 
pesticides dissolved and thus interfered with pesticide analysis. 
Consequently, an ACS grade acetone (a product of Fisher Scientific 
Company) was used as the carrier solvent for the preparation of standard 
pesticide stock solutions since. acetone is a good solvent for chlorina-
ted hydrocarbon pesticides and also readily miscible with water. A 
standard pesticide-acetone stock solution of 100 mg/1 was prepared for 
each kind of pesticide. The stock solutions were kept in a refrigerator. 
The aqueous pesticide solutions used in the experiments were prepared by 
diluting these standard solutions with demineralized water. 
5. Extraction Solvent: Because the amounts of chlorinated hydrocar-
bon pesticides present in aqueous solutions are normally determined by 
the electron-capture gas chromatographic technique, the pesticides must 
first be extracted with a suitable solvent. Most of the investigators 
(14, 43, 56, 92) have used or recommended hexane for the extraction 
because hexane is a good solvent for chlorinated hydrocarbon pesticides 
and particularly suitable for the subsequent gas chromatographic analysis. 
Therefore, an ACS grade hexane (a product of Fisher Scientific Company) 
was used as the extraction solvent for this study. 
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B. Equipment 
TI1e major items of equipment employed in this investigation were 
gas chromatograph, magnetic stirrers, centrifuges, pH meter, wrist-
action shaker and sigmamotor pump, each of which is described as follows. 
1. Gas Chromatograph: A Varian Aerograph Gas Chromatograph Model 
1520-lB was used for the analysis of pesticide concentrations. This 
instrument is a product of Varian Aerograph Company, Halnut Creek, 
California, and is shown in Fig. 3-4. 
This gas chromatograph has a dual-channel system. Each channel has 
its own flow controller, sample-injector tube, column and detector. 
Therefore, each single channel can be operated as an independent system. 
An electron capture detector was employed for the quantitative measure-
ment of trace amounts of pesticides present in samples. This type of 
detector is tremendously sensitive to chlorinated compounds and able to 
analyze a pesticide with concentrations in the parts per billion range 
(40). It is conveniently not sensitive to ordinary volatile organic 
compounds which are invariably present in extracts of plant material. 
Thus, troublesome and messy clean-up procedures are mostly eliminated. 
It has been reported (40) that some chlorinated hydrocarbon pesti-
cides can be easily decomposed upon their contact with any hot metal; 
therefore, a Pyrex glass injector tube was inserted into the metal sam-
ple injector. Also, a Pyrex glass column packed with 5% Dow-11 on 
80/100 mesh high performance Chromosorb H (a product of Varian Aerograph, 
Walnut Creek, California) \vas employed. The following operating condi-







N2 at 60 ml/min 
The signal output from the gas chromatograph was recorded on the 
Speedmax W Recorder, a product of the Leeds and Northrup Company, 
Philadelphia, Pennsylvania. A detailed procedure of operating the gas 
chromatograph for pesticidal analysis is presented in Appendix II. 
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2. Magnetic Stirrer: Three Fisher jumbo-size magnetic stirrers, shmm 
in Fig. 3-5, were used in the adsorption rate study to provide agitation 
for the test suspensions. These stirrers are designed for use 'tvith large 
volumes of liquid or with liquids of high viscosity. A Teflon-coated 
stirring bar of 2-7/8 in. in length was used to agitate the test clay 
suspensions. The motor is capable of speeding up to 1550 rpm for solu-
tions having a low viscosity. 
3. Centrifuges: An International Clinical Centrifuge, Model CL as 
shown in Fig. 3-6, was used to separate the adsorbent solid materials 
from aqueous pesticide solutions. This instrument is manufactured by 
the International Equipment Company, Needham Heights, ~1assachusetts. It 
is equipped with a four-place centrifuge head which can take four 50-ml 
capacity centrifuge tubes. The maximum attainable speed is 3200 rpm, 
providing an average centrifugal force of 1610 G. 
Another International Centrifuge, Universal Type Hodel UV as shmvn 
in Fig. 3-7, \vas also employed during the extraction of humic acid from 
leonardite. It has a four-place centrifuge head which is capable of 
holding four 250-ml capacity centrifuge tubes. The maximum attainable 
speed is 5600 rpm with a corresponding relative centrifugal force of 
4750 G. 
4. pH Heter: The pH measurements were made with a Beckman Zeromatic 
Fig. 3-5. Fisher Jumbo-Size Magnetic 
Stirrer 
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Fig. 3-6. International Clinieal 
Centrifuge, Model CL 
l5 
Ptg·. 3-7. Internatiottal Centrifu&es M04el'UV' 
pH meter as shown in Fig. 3-8. This instrument may be used either for 
pH determination in the 0-14 pH range, or for millivolt measurements. 
Temperature corrections can be made manually with a Temperature Adjust-
ment Control. 
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For the pH measurement, this instrument has an accuracy of 0.1 pH 
unit and a reproducibility of 0.02 unit. Prior to the use of the instru-
ment, it was standardized with a buffer solution having a pH of 6.86. 
5. Wrist-Action Shaker: The necessary agitation of the test suspen-
sions in the equilibrium adsorption and desorption studies was provided 
by a motor-operated wrist-action shaker, as shown in Fig. 3-9, which was 
a product of Burrell Corporation, Pittsburgh, Pennsylvania. 
The shaking time can be automatically or manually controlled. A 
timer mounted on the base automatically stops the shaker at the end of 
any selected time up to 55 minutes. It also has a setting for continuous 
operation. The degree of shaking is mechanically controlled by an adjust-
able knob which varies the motion from gentle to violent agitation. The 
graduated dial (0 to 10) provides a means for reproducing identical 
shaking conditions. The shaker has 12 corrosion resistant aluminum 
clamps which can be easily adjusted to take various types of containers 
up to 200-ml capacity. 
6. Sigmamo tor Pump: The flow rate of the column adsorption study Has 
controlled by a Sigmamo tor pump, Model T-8 Standard (Fig. 3-10), a 
product of Sigmamotor Inc., Hiddleport, New York. The pump is 
multi-
channel and able to provide adjustable flow rates ranging from 0.5 to 
250 ml/min. 

Fig. 3-9. Burre11 Wrist Aetion Shaker 
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CHAPTER IV 
BATCH STUDIES Of ADSORPTION - RATES Of UPTAKE 
Tests were conducted to evaluate the uptake rates of dieldrin by 
both the organic humic sludge and the air-dried pulverized leonardite 
under laboratory-controlled conditions. The test procedure and the 
results are presented in this chapter. In addition, some of the data 
obtained by Liao (59) in a previously related study on the uptake rates 
of dieldrin by different clay minerals are also presented here for 
comparison. 
A. General Procedure 
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The uptake rate studies were conducted in a series of four-liter 
capacity widemouth Pyrex glass bottles, in which solutions were agitated 
with Teflon-coated stirring bars operated by Fisher jumbo-size magnetic 
stirrers as shown in Fig. 4-1. The ground-glass stoppers were employed 
to seal these bottles in order to prevent the volatilization of the test 
pesticides. The rate studies were conducted in an air-conditioned labo-
ratory, where the temperature was maintained at 23 ~ l°C. 
For each study, a quantity of three liters of dieldrin solution at 
a concentration of 100 wg/1 was first placed in each of the reaction 
bottles. Because of the extremely low solubility of dieldrin in '"ater, 
one ml of the pesticide-grade acetone was used as the carrier solvent 
for each liter of aqueous pesticide solution prepared. Then a predeter-
mined amount of predried, well ground humic sludge or leonardite powder 
was added to each of the reaction vessels and the amount of pesticide 
remaining in the aqueous phase was determined frequently until an equi-
librium s. tage was attained. To determine the residual pesticidal concen-

tration in the liquid phase, the sample withdrawn from the text mixture 
was first centrifuged to separate the solid from the solution. An 
appropriate volume of the centrate was then extracted with pesticide-
grade hexane, and the extract was purified by using a small quantity 
(1 to 2 g) of Florisil (a highly selective gas chromatograph adsorbent 
made of silica gel) and then subjected to gas chromatographic analysis. 
The detailed procedure for the gas chromatographic analysis of chlori-
nated hydrocarbon pesticides is described in Appendix II. 
B. Results and Discussion 
The adsorption data and the pH of the text mixtures are tabulated 
in Tables 4-1 and 4-2. The rates of adsorption of dieldrin by humic 
sludge and leonardite are also illustrated in Figs. 4-2 and 4-3. 
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As shown in Fig. 4-2 and Table 4-1, there was a large amount (more 
than 50 percent at a solid concentration of 0.1 g/1) of pesticide 
adsorbed onto the humic sludge particles within a short time of contact, 
2 to 10 minutes. (It must be pointed out that it is not realistic to 
report the adsorption data for a contact time less than 10 minutes, as 
shown in Table 4-1, because during the experiment the time of centrifuging 
for the solid-liquid separation normally took more than 5 minutes) After 
the initial rapid adsorption, the additional uptake of pesticide appeared 
to be gradual and the time which was required to reach an equilibrium 
state depended on the concentration of humic acids. At a humic sludge 
concentration of 0.1 g/1 or 0.5 g/1, it took about 21 hours to reach 
equilibrium (Fig. 4-2); but when the solid concentration was increased 
to 1.0 g/1, the equilibrium was achieved withing about 1.5 hour. Perhaps 
at higher solid levels, the concentration of solute became a limiting 
factor and there were not sufficient concentration gradients of pesticide 
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Table 4-1 Rate of Adsorption of Dieldrin on Humic Sludge 
Pesticide Remaining and pH in the Suspension 
Having an Adsorbent Concentration of 
Time of 
0.1 g/ 1 0.5 g/1 1.0 g/ 1 Reaction 
Pesticide Pesticide Pesticide 
Residue pH Residue pH Residue pH (ppb) (ppb) (ppb) 
20 sec. 57 4.5 45 3.8 33.5 3.5 
2 min. 49.5 4.4 47.5 3.7 32.5 3.4 
5 min. 53 4.4 47 3.8 31 3.5 
10 min. 48 4.5 47 3.8 25.5 3.3 
20 min. 51.5 4.6 31.5 3.7 16.5 3.4 
30 min. 48 4.3 27 3.8 13 3.5 
50 min. 39 4.4 27 3.9 10 3.7 
75 min. 43.5 4.5 27 3.7 7.5 3.6 
2.5 hr. 43.5 4.6 21 3.6 7 3.8 
4 hr. 39 4.5 21 3.8 6.5 3.7 
5.5 hr. 35 4.7 15 3.0 7 3.6 
11.5 hr. 36 4.6 13 4.0 6 3.8 
21 hr. 31.5 4.5 11 3.9 7 3.7 
47.5 hr. 31.5 4.6 12.5 4.1 6 3.8 
60 hr. 27 4.4 11.5 4.0 5 3.8 
72 hr. 27 4.5 9.5 3.9 5.5 3.7 
Table 4-2 Rate of Adsorption of Dieldrin on Leonardite 
Pesticide Remaining and pH in the Suspension Having an Adsorbent 
Concentration of 
Time of 0.1 g/1 0.5 g/1 1.0 g/ 1 5.0 g/1 50 g/1 Reaction 
Pesticide Pesticide Pesticide Pesticide Pesticide 
Residue pH Residue pH Residue pH Residue pH Residue pH 
(ppb) (ppb) (ppb) (ppb) (ppb) 
20 sec. 72 6.0 56 5.9 42 5.9 8.5 5.3 4.0 5.1 
2 min. 68 6.0 48 5.9 34 5.9 7.0 5.2 3.5 5.2 
5 min. 64 6.0 42 5.9 28 5.9 6.5 5.3 3.0 5.3 
10 min. 66 6.0 36 5.9 20 5.9 6.0 5.3 2.5 5.2 
15 min. -- -- -- -- -- -- 5.0 5.4 2.0 5.3 
20 min. 60 6.0 30 5.9 20 5.9 4.5 5.3 1.0 5.2 
30 min. 58 6.0 28 5.9 18 5.9 4.5 5.2 0.8 5.0 
45 min. -- -- -- -- -- -- 4.5 5.3 0.8 5.1 
60 min. 56 5.9 28 5.9 20 6.0 4.0 5.4 0.8 5.2 
1.5 hr. -- -- -- -- -- -- 4.0 5.5 0.5 5.3 
2 hr. 54 6.0 26 5.9 18 6.0 3.5 5.4 0.5 5.4 
3 hr. 54 6.0 28 5.9 18 6.0 3.0 5.3 0.5 5.2 
5 hr. 52 6.0 28 6.0 18 6.0 3.0 5.4 0.5 5.3 
8 hr. 50 6.0 26 5.9 18 6.0 3.0 5.5 0.5 5.2 
12 hr. -- -- -- -- -- -- 3.0 5.6 0.5 5.2 
16 hr. -- -- -- -- -- -- 3.0 5.5 0.5 5.3 
24 hr. 48 5.9 28 5.9 20 5.9 3.5 5.5 0.5 5.4 
48 hr. 52 -- 26 -- 18 -- 3.5 5.6 0.5 5.3 
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to allow the adsorption reaction to proceed at a substantial rate. 
The adsorption rate appeared to be much faster for leonardite than 
humic acids, as illustrated in Fig. 4-3 and Table 4-2. As in the case 
of humic acids, a fairly large fraction (about 35 percent at a solid 
concentration of 0.1 g/1) of the pesticide was adsorbed by the leonardite 
powder within a very short period of contact. After the initial rapid 
uptake, further adsorption by leonardite also appeared to be gradual, 
but at a somewhat higher rate than humic acids. In general, a period of 
1 hour was required to reach adsorption equilibrium when the leonardite 
concentration was 0.1 g/1. But when the adsorbent concentrations were 
increased to 0.5 g/1 and 1.0 g/1, the equilibrium times were reduced to 
30 and 10 minutes, respectively. At a much higher solid level, 5.0 and 
50.0 g/1, the adsorption data showed that the equilibria were attained 
within 2 minutes. However, as it was noted earlier, it was impossible 
in these cases to pinpoint the actual equilibrium time because of the 
relatively long centrifuging time required for the solid-liquid 
separation. 
For the convenience of comparison, the rates of adsorption of 
dieldrin on kaolinite, illite, and montmorillonite are presented in 
Figs. 4-4, 4-5 and 4-6, respectively, and these illustrate that the 
adsorption of dieldrin by the three clays was almost instantaneous even 
at a clay concentration as low as 0.1 g/1. The reason for the clays' 
rapid adsorption and the mechanism of adsorption have been discussed 
recently by Huang and Liao (50). 
For the easiness of comparison the relative rates of dieldrin ad-
h · "d leonardite, and three clay minerals are con-sorption by um~c ac~ s, 
trasted in Fig. 4-7. Now a question seems to be in order as to why the 
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adsorption of pesticide by humic sludge and leonardite are much slower 
than by clay minerals. To elucidate this question, a careful examination 
of the physical and chemical nature of these different adsorbents is 
necessary and this will be discussed in the following paragraphs. 
The substances of humic acids refer to those decomposition products 
of plants and animals that comprise the base-soluble, but acid-insoluble, 
fractions of the soil. In general, humic acids are not chemically uni-
form substances; they have molecular weights varying from 300 to as 
high as 10,000 (58). Although the exact chemical formulas for humic 
acids are quite variable and still unknown at this time, it appears 
certain that these substances contain many different types of functional 
groups such as carboxyl and phenolic hydroxyl groups, which account for 
about 22 percent of the weight of the molecules (58). Because of these 
functional groups, humic acids are extremely hydrophilic and can form 
reversible colloids. At a pH level between 4 and 6.5, humic acids exist 
as colloids in aqueous solution. However, with pH above this range 
they become soluble in water, and at a pH below this level, they begin 
to flocculate quickly. After 40 minutes of centrifuging at 1,600 G for 
the flocculated humic acids solution, the recovered humic sludge still 
contains a moisture content of about 2000 percent. 
Because of this extremely hydrophilic nature, after the humic 
sludge powder was added to the test pesticide solution, it would gradually 
adsorb Hater and form a thick water film around the humic sludge parti-
cles. In the initial and very brief period of contact between the solids 
of humic acids and the pesticide solution, a large amount of dieldrin 
molecules would tend to accumulate on the adsorbent surface because diel-
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ppb). As the contact time is extended, the thick water film gradually 
develops (Fig. 4-8} and after the full development, the rate of adsorp-
tion would apparently be limited by the rate of pesticide diffusion from 
the bulk solution to the surface of the humic sludge particles through 
the thick water film. This diffusion process would continue until the 
adsorption reached an equilibrium state. This phenomenon was responsible 
for the slow and gradual adsorption of dieldrin after the first stage of 
immediate uptake. As already mentioned earlier, if the test mixture 
contained a too high solid level, the concentration of solute would be-
come a limiting factor and in this case there was not sufficient concen-
tration of pesticide in the bulk solution (after the initial rapid 
uptake) to allow the pesticide to diffuse at a substantial rate across 
the water film. This explains why the equilibrium time for a higher 
solid level was much shorter than that for a lower solid level. 
In the case of leonardite, the above similar situations exist 
except the thickness of water film which was formed around the leonardite 
particles was thinner than that of humic acids. This is because the 
oven-dried leonardite contains no more than about 70 percent of humic 
acids and the rest is made up of mineral matter such as gypsum, silica, 
and clay (32). Therefore, leonardite is not as hydrophilic as the humic 
acids. The thinner water film would evidently make the pesticide dif-
fusion easier from the bulk solution to the adsorbent surface and allow 
the adsorption to reach the equilibrium state at an earlier time. 
Contrary to the humic acids and leonardite, clay minerals are 
generally hydrophobic in nature and cannot accumulate a substantial 
thickness of water film around the particle surface. Because of this, 
the adsorption of dieldrin by clays involved the direct transfer of 
thick water film 
HUMIC 
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pesticide molecules from the bulk solution to the clay surface and the 
equilibrium of adsorption could be reached almost instantaneously. How-
ever, it must be noted here that some clay minerals, such as montmoril-
lonite, are expansible type and therefore water can diffuse into the 
interlamellar spaces and cause the swelling of the clay minerals. In 
this case the rate of adsorption may appear somewhat sluggish because 
the pesticide molecules have to diffuse from the bulk solution into the 
interlamellar spaces. But exceptions may occur whenever the pesticide 
molecules have certain special physical or chemical characteristics which 
may hinder the diffusion of the adsorbate molecules into the interlamellar 
spaces; the adsorption of dieldrin by montmorillonite falls into this 
category and a detailed explanation has been made by Huang and Liao (50). 
As to the mechanism of dieldrin adsorption by humic acids and 
leonardite, it is believed that the adsorption was accomplished through 
a combination of the dipole-dipole, ion-dipole interactions and the 
formation of the hydrogen bonding or some other types of chemical bond. 
This postulation is supported by the fact of a small extent of pesticide 
desorption which will be described in Chapter V. Since the exact 
chemical structures of humic acids have not been unveiled, the above 
postulation of the adsorption mechanisms can only be verified by exten-
sive applications of infrared spectroscopic analysis, which is beyond 
the scope of this study. 
CHAPTER V 
BATCH STUDIES OF ADSORPTION - EQUILIBRIA OF UPTAKE 
In studying any type of adsorption phenomenon, tHo itcJ~;s of utmost 
importance are the rate and the equilibrium of adsorption. The former 
determines the speed at which the adsorption reaction proceeds and the 
latter indicates the extent to which the adsorption Fill eventually 
reach in a particular system. In the previous chapter (Chapter IV) the 
rate of dieldrin adsorption by different adsorbents has been discussed. 
In this chapter the extents of adsorption and desorption at the equi-
librium state of several selected pesticide-adsorbent systems are 
described. 
A. Adsorption of Pesticide by the Inner Surface of Reaction Bottles 
In the rate study it was found that the time required to reach an 
equilibrium state varied from 2 hours for clay minerals to about 21 
hours for humic acids. It was suspected that during the relatively 
long equilibrium test using humic acids, certain amounts of pes h cide 
could be adsorbed on the inner wall of reaction bottles and could also 
be lost from the test solution through evaporation, thereby introducing 
some experimental errors. Therefore, a preliminary test ~as conducted 
to determine the extent of equilibrial adsorption by the bottle's wall 
and also possible loss of pesticide through evaporation over a selected 
period of time. 
Dieldrin was employed for the test and a series of pesticide solu-
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tions with different solute concentrations, ranging from 16.6 to 100.0 
ppb, were prepared. During the test a quantity of 150 ml of each pesti-
cide solution was dispensed into a 250-ml Pyrex bottle, which was then 
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sealed with a stopper and placed on a \vris t action shak.er. After 24 
hours of shaking, the concentration of pesticide remaining in the solu-
tion was determined. Also the amount of pesticide retained on the inner 
surface of the reaction bottle was extracted with hexane and the extract 
was analyzed for the pesticide concentration. The discrepancy between 
the original quantity of pesticide present in the solution and the total 
amount of pesticide recovered from both the test solution and the bottle's 
wall after 24 hours of mixing was considered as loss, tvhich was perhaps 
due to a combined result of evaporation and experimental errors. The 
data of this test are shown in Table 5-l and Fig. 5-l. 
As shown in these data, increasing amounts of pesticide could be 
retained by the bottle's wall as the concentration of pesticide in the 
test solution increased. However, the maximum amount of the bottle 
wall's adsorption reached only 6.4 ppb when the initial solute concen-
tration was 100 ppb. It must be noted that there were substantial 
amounts of pesticide lost from the solution by evaporation. The magni-
tudes of evaporative losses among different bottles were erratic, perhaps 
due to some experimental errors inherent to the pesticide extraction and \ 
the gas chromatographic analysis. In general, these data show that the 
overall discrepancy due to bottle wall adsorption, evaporation and experi-
mental errors is about 14 percent of the initial pesticide concentration. 
B. Equilibrial Adsorption and Desorption of Pesticides by Humic Acids 
The equilibrial adsorptions of both dieldrin and heptachlor by 
humic acids were studied. The adsorbent of humic acids was used in two 
different initial physical forms. In the first one the adsorbent was 
employed as the dry powder which was prepared by drying the colloidal 
Table 5-l 
Equilibria! Adsorption and Loss of Dieldrin 
in Reaction Bottles After 24 Hours of Mixing 
Concentration of Pesticide (ppb) 
Added to Remaining Extracted Lost After 
Water in Water From Bottle Shaking 
16.6 12.0 1.8 2.8 
33.3 26.5 3.1 3.3 
50.0 42.0 3.2 4.8 
66.6 56.0 4.0 6.6 
83.3 75.0 6.0 2.3 
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Fig. 5-l. Equilibria! Adsorption and Loss of Dieldrin in 
Reaction Bottles After 24 Hours of :1ixing 
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suspension of humic acids in the oven and then pulverizing the solid 
until it had a flour-like texture. In the second one, the adsorbent was 
added to the test solution in the original form of colloidal suspension, 
which was prepared as a stock mixture having a concentration of 
18.138 g/1. 
During the test a quantity of 150 ml of pesticide solution at an 
initial concentration of 100 ppb was dispensed into each reaction bottle, 
to which was then added a predetermined amount (varying from 0.0001 to 
1.0 g/1) of adsorbent. The content in each bottle was then shal:cn, 
sealed with a stopper, and the content was agitated on a shaker for a 
period of 24 hours. In the previous rate study it was found that the 
equilibrium time was about 21 hours for humic acids; therefore, t~e 
provision of a 24-hour reaction period was sufficient to ensure that 
an equilibrium state ~vas attained. 
At the end of shaking the mixture was passed through a membrane 
filter (having a pore size of 0.45 ~) for solid-liquid separation and 
the concentration of pesticide remaining in the filtrate was deternined. 
The membrane filter and the retained solids were then returned to the 
original reaction bottle for starting the first series of desorption 
tests. For this, 150 ml of distilled water was added to each bottle and 
the content within the bottle was shaken for another 24-hour period to 
reach the desorption equilibrium. After that, the same procedure of 
solid-liquid separation was performed and the quantity of pesticide 
desorbed into the filtrate was determined. The filter and the retained 
solids were again returned to the original bottle to start the second 
series of desorption tests and the above procedures were repeated. 
It must be pointed out that the use of membrane filter for the 
solid-liquid separation was found necessary in this study since the 
humic acids in the initially added colloidal suspension were not able 
to settle effectively even after a period of more than an hour of 
centrifuging. 
The data of adsorption and desorption by humic acids are presented 
in Tables 5-2 and 5-3~ and the isotherms are plotted in Figs. 5-2 and 
5-3. As will be explained below~ the adsorption data conform fairly 
well to the Freundlich isotherm, which has the following mathematical 
relationship: 
x 1/n m = IZC ••••••••••••••••••••••• , • , • • • • • • (Eq. 5-l) 
where x = amount of pesticide adsorbed at an equilibrium state, 
m = weight of adsorbent, 
C = concentration of pesticide remaining at an equilibrium 
state, 
K & n = experimental constants for the Freundlich adsorption 
isotherm. 
The Freundlich model of adsorption isotherm shown in Eq. 5-l can be 
rewritten in the following linear form: 
log ( ~) ~log K + (1/n) log C ••.....••. (Eq. 5.2) 
m 
If the adsorption relationship conforms to the Freundlich model, the 
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plot of x/m versus C on log-log paper can be linearized. As the experi-
mental data shown in Tables 5-2 and 5-3 can be fitted quite well into 
the straightline relationship of Eq. 5-2 (Figs. 5-2 and 5-3), the equi-
librium adsorption of experimental pesticides on humic acids is in well 
accord with the Freundlich isotherm. The slope of the straight line in 
each plot represents 1/n, and the value of K can then be determined by 
using Eq. s-2. The constants of 1/n and K for different pesticide-









Equi1ibria1 Adsorption and Desorption of Dieldrin by Humic Acids 
Equilibrial Adsorption First Desorption Second Desorption 
Cone. of Cone. of Pesticide Cone. of Pesticide Cone. of Pesticide 
H.A. Remaining Adsorbed Released Retained Released Retained 
(g/1) pH in H20 on H.A. pH to H20 on H.A. pH to H20 on H.A. 
c (wg/ 1) X/H (llg/g) c 1 C11g/1) tx/M( JJg/ g) t: 2 Cwg/1) X2 /M (JJg/1) 
100 
0.0001 90 100,000 
0.0005 86 28,000 
0.001 80 20,000 
0.005 76 4,800 
0.01 60 4,000 ~-3 2 3,800 6.2 0 3,800 
0.05 54 920 b.2 3 860 6.1 0 860 
0.1 ft+.s 41 590 6.2 6 530 5.9 1 520 
0.3 33 223 b.2 8 197 5.7 2 190 
0.5 3.9 25 150 ~.9 1.0 130 5.6 5 120 
1.0 r,3.7 9 9 
0.01 76 2,400 ~.4 3.5 2,050 5.9 0 2,050 
0.05 63 740 p.3 10 540 5.9 1 520 
0.1 52 480 p.2 12 360 5.8 2 340 
0.3 36 213 ~.0 13 170 5.4 2 163 
0.5 32 136 ~-8 14 I 108 4.8 2 104 I I 
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Equilibria! Adsorption and Desorption of Heptachlor by Humic Acids 
Equilibria! Adsorption First Desorption Second Desorption 
Cone. of Cone. of Pesticide Cone. of Pesticide Cone. of Pesticide 
H.A. Remaining Adsorbed Released Retained Released Retained 
(g/1) pH in H20 on H.A. pH to H20 on H.A. pH to H20 on H.A. 
c (wg/ 1) X/M (wg/g) cl Cwg/1) X/01 Cwg/g) C2 (wg/l) X2 /M (wg/1) 
O.OOCl 63 370,000 
0.0005 52 96,000 
0.001 48 52,000 
0.005 42 11,600 
0.01 6.4 39 6,100 6.2 1.5 5,900 p.l 0.2 5,930 
0.05 6.4 29 1,420 6.3 2.5 1,370 p.2 0.5 1,360 
0.1 6.4 20 800 6.4 3 770 p.3 1 760 
0.3 6.3 12 293 6.3 2 286 ~.2 1.5 281 
0.5 6.3 10 180 6.3 2 176 p.2 2 172 
1.0 
I 
0.01 6.4 48 5,200 6.2 2.5 4,950 6.0 0 4,950 
0.05 6.4 38 1,240 6.2 6 1,120 b.l 2 1,080 
0.1 6.2 33 670 6.~ 7 600 b.2 2 580 
0.3 6.3 22 260 6.3 6 
1 
240 6.2 5 223 
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Adsorption and Desorption Isotherms of 
Heptachlor by Humic Acids 
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Pesticide-Adsorbent System J_f IJ: K Remarks 
- -----~---
Dieldrin-Humic Acids 5.17 2.44 X 10-l 
(Dry Powder) 
Dieldrin-Humic Acids 3.46 7.10 X 10- 11 
(Colloidal Suspension) 
Heptachlor-Humic Acids 7.65 6.74 10 - (~ For X c 32 'g/ 1 (Dry Powder) 1. 96 1.97 For c < 32 :Jg/ 1 
Heptachlor-Humic Acids 5.55 3.16 X 10- 1 For c 32 I g/ J 
(Colloidal Suspension) 2.08 4.78 X 10- 1 For c ,- 32 lig/ 1 
It must be noted that in the adsorption of heptachlor, although all of 
the adsorption data seem to fit into the straightline relationship, thc> 
slope of the straight line for each system is deflected into tHo dis-
tinct values at a transitional equilibrium solute concentration around 
32 ~g/1 (Fig. 5-3). This characteristic of the ch<.mge of slope was 
observed for both forms of adsorbent used (dry powder and colloicla1 
suspension). To explain this phenomenon it must be pointed out that the 
data represented by the upper portion of each deflected straight line 
were obtained from those reaction units which had relatively dilute 
adsorbent levels (belmv 0.05 to 0.1 g/1). At these lm·J concentraUons 
of adsorbent, the adsorption per unit weight of solids would tend to 
attain the maximum capacity since the solute-to-adsorbent ratio was 
relatively high. On the other hand, the data represented by the lower 
portion of the deflected line were obtained from those units which had 
relatively high adsorbent concentration. \\Then the adsorbent levels were 
high, only a fraction of the total potential adsorption capacitv of the 
solids could be reached because the adsorbent was present in excessive 
amounts and the available solute concentration became a limiting factor. 
Therefore, the adsorption isotherm relationship in a non-solute-limiting 
system can not be expected to be the same as that in a solute-limiting 
system. 
Another significant fact which can be noted from the adsorption 
data is that two different initial physical forms of humic acids have 
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different adsorption capacit{es. Th d 1 · d h · 'd - ~ e ry pu ver:Lze um1c ac1 s appeared 
to have a somewhat higher adsorption capacity than the colloidal humic 
acids suspension. In the case of dieldrin adsorption, however, the 
difference in adsorption capacities became less significant as the con-
centration of adsorbent increased in the test mixture. This phenomenon 
can be explained in the following paragraph. 
Upon the immediate contact between the dry-powder adsorbent and the 
pesticide solution, a substantial amount of pesticide (more than 50 per-
cent of the initial concentration at a solid level of 0.1 g/1 as noted 
in Fig. 4-2 of the previous chapter) could accumulate rapidly and then 
be adsorbed firmly on the adsorbent surface. As the contact time was 
extended, the adsorbent particle gradually developed a water film around 
its surface because humic acids are extremely hydrophilic in nature. 
After the formation of the water film, additional pesticide molecules 
might continuously be adsorbed if there were sufficient solute concen-
trations existing in the bulk solution so that more pesticide could 
diffuse through the "barrier" of water film at a reasonable speed. 
Otherwise, the system would be considered as having reached an equili-
brium state. Cln the other hand, if the adsorbent was initially added 
in the form of colloidal suspension, the barrier of water film had al-
ready been existing upon the first moment of contact between the adsor-
bent and the pesticide solution. And in this case any pesticide 
adsorption depended upon the diffusion of the molecules across the 
barrier film and this took place at a somewhat slower speed and the 
maximum adsorption capacity would definitely be limited by the available 
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pesticide concentration gradient across the film. The initial rapid and 
large amount of adsorption which was accomplished without the need to 
diffuse through the water film as observed in the powder-form adsorbent 
would be discounted in this case. As the concentration of adsorbent 
increased in the test mixture, the adsorbent particle was present in 
excessive amounts and the solute concentration became a limiting factor 
for adsorption. In the presence of abundant adsorbent particles and its 
associated water film, pesticide molecules could "disappear" from the 
bulk solution by either actually being adsorbed on the solid surface or 
merely being retained in the water film as a "temporary storage. 11 
Therefore, the total amount of adsorption would tend to approximate the 
value that was observed in the dry-powder humic acids adsorption. 
After the two experimental pesticides were adsorbed on the humic 
acids, only very small amounts of the adsorbed pesticides could be 
desorbed thereafter. The magnitudes of pesticide desorption are shown 
in Tables 5-2 and 5-3. Similar to the treatment of the adsorption data, 
the desorption results can also be analyzed by establishing the desorp-
tion isotherms which are obtained by plotting x/m versus C on log-log 
paper as shown in Figs. 5-2 and 5-3. These isotherms indicate that the 
pesticide adsorption by humic acids is quite irreversible and the extent 
of desorption is minimal, because the adsorption and desorption isotherms 
do not coincide into the same straightline relationship. The non-
coincidence nature of the adsorption and desorption isotherms suggests 
that the mechanism of pesticide adsorption is primarily accomplished by 
some strong forces of interactions; these may include dipole-dipole or 
the ion-dipole interaction, and the formation of the hydrogen bonding or 
some other type of chemical bond. The mechanism of physical adsorption 
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by the van der Waals forces is not significant in this case since this 
type of adsorption is generally reversible. 
It is als.o of significance to note that in the first series of 
desorption tests, more desorption was observed for the system which 
employed the adsorbent in the form of colloidal suspension. This is 
because this form of adsorbent could retain larger quantities of pesti-
cides in the solid surface's water film as the temporary storage (as 
having been explained earlier) during the stage of adsorption reaction. 
Upon the desorption test, some of these retained pesticides in the water 
film could be desorbed easily and released into the solution. The 
fraction of the pesticides which were originally adsorbed onto the humic 
acids surface through some types of strong interaction forces would be 
quite difficult to desorb or could not desorb at all. The data of the 
second series of the desorption tests appear to be somewhat erratic and 
do not show a general trend of difference in the adsorption capacities 
between the tvm forms of adsorbent. This is because the extent of 
second desorption was so small that the experimental errors could easily 
overmask the actual values of desorption. 
C. Equilibria! Adsorption and Desorption of Pesticides by Leonardite 
After completing the study of pesticide sorption and desorption by 
humic acids, it was found that this type of adsorbent had an extremely 
high adsorptive capacity for the experimental pesticides (the relative 
adsorptive capacities of several different types of adsorbent \vill be 
compared in the next section), it was then decided to determine how much 
the adsorptive and desorptive capacities would be for the original parent 
material or leonardite, from which the humic acids were extracted. It 
' . 
70 
was mentioned in Chapter III that leonardite is a coal-like substnnce 
and essentially a mixture of humic acids salts admixed with some mineral 
matter such as gypsum, silica and clays. The fraction of humic acids in 
an air-dried leonardite sample is about 50 to 60 percent by weight. 
Before the leonardite was used for the adsorption and desorption 
test, it was thoroughly pulverized and air-dried. Only the fraction 
that passed through the U. S. Standard Sieve No. 200 was employed for 
the study. The test procedure used for the leonardite \vas essentially 
the same as that used for humic acids. Since in the previous rate study 
it was found that the leonardi te took only about 1 hour to re3ch tht• 
adsorption equilibrium, a reaction time of 5 hours was allm.;rcd for hoth 
the adsorption and the desorption tests. Also, leonardite was able to 
settle better than humic acids by centrifuging and therefore a 40-minute 
centrifuging was employed for the solid-liquid separation. 
The adsorption and desorption data by leonardite are shown in Table 
5-4. Similar to the analysis of humic acids adsorption, the data pre--
sented in this table can be correlated to the adsorption and desorption 
isotherms, which are shown in Figs. 5-4 and 5-5. Although all of the 
adsorption data can be fitted well into the straightline relationship 
of the Freundlich model, each straight line is deflected into two dif-
ferent slopes at a transitional equilibrium solute concentration bet\veen 
40 and 50 ppb, or at an adsorbent level of about 0.1 g/1. This pheno-
menon had already been observed in the adsorption of heptachlor b,- humic 
acids and was probably attributed to the fact that at a high so] id con-
centration (above 0.1 g/1), the availability of pesticide nolecules 
became a limiting factor for adsorption. The experimental constants of 
1/n and K are shown below: 
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Pesticide-Adsorbent System 1/n K Remarks 
Dieldrin-Leonardite 5.40 1. 76 X 10-7 For c > 46 
1.22 2.40 For c < 46 
Heptachlor-Leonardite 9.54 3.84 X 10-!3 For c > 40 
-1.21 3.48 For c < 40 
It is also interesting to note that in the first and second series 
of desorption tests (Table S-4)~ the maximum extent of desorption 
occurred at an adsorbent level between 0.1 and 0.5 g/1, and then the 
magnitude of desorption gradually decreased as the solid level either 
increased or decreased. There is no explanation to this peculiar 
phenomenon, although it is realized that the maximum desorption seems 
to occur at an adsorbent concentration falling in the proximity of the 
transitional region between the non-solute-limiting and the solute-
limiting adsorptions. 
Because of the non-coincidence nature of the adsorption and the 
desorption isotherms and also because the desorption reaction only 
occurred to a very small extent, it is believed that the mechanisms of 
pesticide adsorption by both humic acids and leonardite are essentially 
the same. However, it is quite obvious from the adsorption and desorp-
tion data presented in Tables 5-2, 5-3, and 5-4 that humic acids are able 
to adsorb much more, yet desorb much less pesticides than leonardite. 
A further discussion on the relative adsorptive capacities of several 
different kinds of adsorbents will be presented as follows. 
D. Relative Magnitudes of Pesticide Adsorption by Different Types of 
Adsorbent 
As having been pointed out by Huang and Liao (50) and having also 
been found in this study, the magnitude of pesticide adsorption by an 







Equilibrial Adsorption and Desorption of Dieldrin by Leonardite 
Equilibrial Adsorption First Desorption Second Desorption 
Cone .of Pesticide Pesticide Pesticide Pesticide Pesticide Pesticide 
Solid pH Remaining Adsorbed pH Released Retained pH Released Retained 
(g/1) in H20 on Solid to H20 on Solid to H20 on Solid 
c (f.lg/1) X/H (lJg/g) cl (JJg/1) X/H (JJg/ g) c 2 (JJg/1) X2/H (JJg/ g) 
0.01 6.0 76 2,400 5.5 10 1,400 5.5 1 1,300 
0.05 6.1 61 78•) 5.2 14 500 5.4 5 400 
0.1 6.1 55 450 6.0 20 250 5.5 5.5 195 
0.5 6.1 27 140 5.6 25 90 5.5 7.5 75 
1.0 6.2 18 82 5.7 11 71 5.9 6 65 
2.5 6.0 9 36 5.7 6 34 6.0 4 32 
0.01 5.9 54 4,600 5.8 4 4,200 5.6 0.5 4,150 
0.05 6.1 47 1,060 5.1 6 940 5.2 2.5 890 
0.1 6.1 44 560 5.2 7 490 5.3 3 460 
0.5 6.0 22 156 5.3 7 142 5.8 5.5 131 
1.0 5.9 13 87 5.4 5 82 5.7 2.5 79 
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this study it was observed that humic acids are able to adsorb more 
pesticides than leonardite. Also, heptachlor appears to be more easily 
adsorbed than dieldrin. 
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For the convenience of comparison on the relative magnitudes of 
adsorption (expressed in terms of specific adsorption - the amount of 
pesticide adsorbed per unit weight of adsorbent) for several types of 
adsorbent at equilibrial solute concentrations of 1, 10 and 50 ppb are 
presented in Table 5-5. In this table, the data of pesticide adsorption 
by clay minerals are taken from the previous work by Huang and Liao (50). 
E. Effect of Humic Acids on the Pesticide Adsorption by Hontmorillonite 
Since the material of humic acids was found to have a much greater 
adsorptive capacity for pesticides than clay minerals and since in 
natural soils and aquatic sediments these materials are ah.rays mixed 
together, it would be of interest to know how the humic acids would 
affect the clay adsorptive capacity if these two materials were mixed 
together in a reaction system. Therefore, in the last phase of the 
equilibrium study, the effect of humic acids on the montmorillonite 
adsorption for dieldrin and heptachlor was examined. For this purpose 
various amounts of humic acids in the form of dry powder were added to 
the montmorillonite clay in order to allow the mixture to have several 
desired percentages (by weight) of humic acids. Then the mixtures 
were used for the equilibrial adsorption and desorption tests. The 
concentrations of the adsorbent mixture were set at bflo levels, 1.0 and 
10.0 g/1. 
The experimental procedure used in this test was about the same as 
that used in the previous leonardite adsorption study except the equili-
brium time was extended to 24 hours since humic acids require about 21 
Table 5-5 
Relative Hagnitudes of Pesticide Adsorption By 
Different Types of Adsorbent 
Pesticide-Adsorbent 
Combination 
Specific Adsorption (~g/g) at an 

















1 ppb 10 ppb 50 ppb 
1.73 X 10-G 3.60 X 10-l 1,250 
7.10 X 10-4 2.06 550 
2.40 40 240 
1.05 X 10- 16 1.81 X 10-7 5.0 X 10- 1 
9.45 X 10-lb 6.88 X 10- 7 9.25 X 10-l 
1.46 X 10-21 6.36 X 10-10 9.35 X 10- 2 
1.97 180 62,600 
I 
4.78 X 10-l 58 6,150 
3.48 56 2,600 
1.48 X 10-4 4.89 X 10-1 135 
1.09 X 10-g 1.32 X 10- 3 21 
5.00 X 10-6 1.64 X 10-1 218 
76 
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hours to reach the adsorption equilibrium. Because the adsorbent mixture 
could settle fairly well be centrifuging, the samples were centrifuged 
for a 40-minute period to facilitate the solid-liquid separation. The 
data of this study are presented in Table 5-6 and 5-7 and are also 
plotted separately in Figs. 5-6 and 5-7. 
As can be seen from these data, an increase in the percentage of 
humic acids in the adsorbent mixture would also increase the overall 
adsorptive capacity of the mixture. For example, at a solid leveJ of 
1.0 g/1, the specific adsorption of dieldrin was increased from 28 g/g 
at the zero concentration of humic acids to about 92 g/g at a 75-per-
cent humic acids level. However, the extent of desorption did not seem 
to decrease with the increasing concentration of humic acids in the 
mixture. The data show that in the desorption of dieldrin and heptachlor 
(Tables 5-6 and 5-7), the maximum effect of desorption occurred when the 
concentration of humic acids in the adsorbent mixture was approximately 
between 0.05 and 0.5 g/1 (i.e., 5 and 10 percent of humic acids at the 
total adsorbent mixture of 1.0 g/1 and 1.0 and 5.0 percent at the ad-
sorbent mixture of 10.0 g/1). This may appear somewhat significant 
since it is similar to the previous findings in the leonardite adsorption \, 
that the maximum degree of desorption occurred when the adsorbent level 
was in the transitional range between the solute-limiting and non-









Equilibrial Adsorption and Desorption of Dieldrin by an Adsorbent Mixture 
of Humic Acids and Hontmorillonite Clay 
Equilibrial Adsorption First Desorption Second Desorption 
% of H.A. Pesticide Pesticide Pesticide Pesticide Pesticide Pesticide 
in pH Remaining Adsorbed pH Released Retained pH Released Retained 
Adsorbent in H20 on Solid to H20 on Solid to H20 on Solid 
c ()lg/1) X/M ( )lg/ g) c 1 ()lg/1) X1/M (\lg/g) c2 ()lg/1) X2/l1 (Wg/g) 
0 5.2 62 3.8 5.6 10 2.8 5.5 1 2.7 
1 5.1 39 6.1 S.9 12 4.9 5.8 5 4.4 
5 4.7 21 7.9 6.0 8 7.1 6.0 4 6.7 
10 4.5 10 9.0 5.9 5 8.5 5.9 3 8.2 
20 4.3 4 9.6 5.8 4 9.2 6.0 2 9.0 
0 5.3 72 28 5.8 8 20 5.7 1 19 
5 5.2 50 so 5.4 12 38 5.6 9 29 
10 s.o 38 62 S.1 13 49 5.6 10 39 
20 4.8 27 73 5.7 11 62 5.7 10 52 
so 4.4 12 88 5.5 6 82 S.7 9 73 
75 4.2 8 92 5.6 4 88 S.8 4 84 
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Equilibrial Adsorption and Desorption of Heptachlor by an Adsorbent Hixture 
of Humic Acids and Montmorillonite Clay 
Equilibrial Adsorption First Desorption Second Desorption 
% of H.A. Pesticide Pesticide Pesticide Pesticide Pesticide Pesticide 
pH Remaining Adsorbed pH Released Retained Released Retained ln in H20 on Solid to H20 on Solid 
pH to H20 on Solid Adsorbent 
c (iJg/1) X/?:1 (iJg/g) cl (iJg/1) X1/M (ug/g) c 2 (ug/1) x2 /M (iJg/g) 
0 5.1 22 7.8 5.5 3 7.5 5.8 1 7.4 
1 5.2 16 8.4 5.8 2 8.2 5.8 2 8.0 
5 4.9 5 6.0 6.0 2 9.3 6.0 3 9.0 
10 4.7 3 5.8 5.8 1 9.6 6.0 0.5 9.55 
20 4.4 1 5.7 5.7 0.5 9.85 6.1 0.5 9.8 
0 5.6 36 5.6 5.6 0.5 63.5 5.8 0 63.5 
5 5.3 23 5.6 5.6 1 76 5.8 0.5 75.5 
10 5.2 14 5.7 5.7 3 83 5.9 
t I 
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20 5.0 6 5.7 5.7 2 92 6.0 90 
50 4.6 4 5.6 5.6 1 95 5.8 94 
75 4.4 2 5.5 5.5 1 97 5.8 96 
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Fig. 5-7. Effect of Humic Acids on the Heptachlor Adsorption and 
Desorption by Montmorillonite 
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CHAPTER VI 
COLUMN STUDIES OF ADSORPTION AND DESORPTION 
From the rate studies reported earlier in Chapter IV, a significant 
fraction of the total pestl'cl'de ~n the test 1 · ~ so utlon was adsorbed by 
humic acids or leonardite within a contact period as short as 2 to 10 
minutes (Figs. 4-2 and 4-3). Also, in a previously related study by 
Huang and Liao (50), it was found that the adsorptions of DDT, dieldrin, 
and heptachlor by clay minerals were almost instantaneous. Although 
these data give a general indication of the rapid pesticide adsorption, 
the exact rate of uptake could not be determined precisely inasmuch as 
it normally took at least from 5 to 10 minutes to centrifuge a test 
mixture for effective solid-liquid separation after the sample was with-
drawn from the reactor. 
Although in this study attempts were made in some instances to use 
the millipore membrane filter for the solid-liquid separation, it was 
found that sometimes the filtration process might take an even longer 
period than centrifuging. Besides, various amounts of pesticide could 
be adsorbed by the filter, thereby introducing some experimental errors. 
Because of this, it was decided to employ a column percolation study 
to evaluate the rate and the extent of pesticide sorption and desorption 
by a selected clay mineral as well as a mixture of leonardite and the 
clay mineral. Before the test was actually conducted, it was anticipated 
that by percolating a pesticide solution through a column filled with the 
desired adsorbent the need for solid-liquid separation would be elimi-
nated, thus allowing a chance for determining the actual rate of adsorp-
tion as long .38 the flow rate was carefully controlled. Unfortunately, 
after the experiment was actually put into operation it was found that 
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the percolation of pesticide solution through a column of clay or a mix-
ture of clay and humic acids was extremely difficult, even if the perco-
lation was operated under a fairly high pressure. In addition, certain 
amounts of the adsorbent materials were physically squeezed out of the 
column and appeared in the column effluent from time to time. Whenever 
the loss of adsorbent occurs, the collected sample must be first centri-
fuged to separate the solid before the liquid can be extracted and ana-
lyzed for the pesticide concentration. Because of this, the original 
objective of using the column study to precisely determine the rate of 
adsorption was not achieved. Nevertheless, the general experimental 
procedure and the data obtained are discussed below. 
A. General Experimental Procedure 
The column study was carried out in three Pyrex glass columns, each 
of which was 1-1/2 inch in diameter, 3 feet in length, with both ends 
being slightly spigotted. Each end of the columns was sealed with a rub-
ber stopper which was wrapped with aluminum foil. At the center of the 
rubber stopper a hole was drilled through to facilitate the insertion of 
a glass tubing which served as either an influent or an effluent line. 
In order to allow the stoppers firmly secured in place and tc make the 
glass columns watertight at both ends during the percolation of pesticide 
solution under pressure, steel plates were used to keep the rubber stoppers 
in place by bolts. A schematic diagram illustrating the arrangement of a 
typical column is shown in Fig. 6-1 and a pictorial view of the experi-
mental set-up is shown in Fig. 6-2. 
Packing the columns with adsorbents consisted of the following pro-
cedure. At the very beginning, enough amounts of glass wool were placed 
at the bottom of the column to a thickness of 6 inches. Then glass beads 
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of 3/16 inch in diameter '"ere placed on top of the glass wool to a height 
of 3 inches in order to support the adsorbent and also to aid the even 
distribution of the flow through the column. After this step, a prede-
termined quantity (300 g) of adsorbent was mixed 'vith some glass beads 
(which were used to serve as the filtration aid) and the mixture was 
poured slowly into the column. Then the column was slightly knocked in 
an attempt to achieve the compaction of the adsorbent. Generally, after 
compaction, the adsorbent height was about 7 inches. Each column was 
packed with a specific type of adsorbent or adsorbent mixture. The first 
column was packed with montmorillonite clay (300 g), the second column 
with montmorillonite mixed with 1 percent of leonardite (297 g of clay 
and 3 g of leonardite), and the third column with montmorillonite mixed 
with 10 percent of leonardite (270 g of clay and 30 g of leonardite). 
Upon completion of the column packing, sufficient amounts of dis-
tilled water were pumped through the adsorbent bed by a sigmamotor 
(pulsating-action) pump to allow the adsorbent to be completely soaked 
with water. Then the effluent was clamped so that a blanket of distilled 
water could be retained in the column prior to the pumping of pesticide 
solution. 
The pesticide selected in the column study was dieldrin. Pesticide 
solution was prepared at a concentration of 100 ppb. During the perco-
lation test, pesticide solution was pumped downward in an attempt not to 
flush out the adsorbent from the column. Samples were taken from the 
bottom of the column in 25-ml fractions for the first 250 ml of the 
solution collected, then in 50-ml fractions for the next 250 ml, and 
finally in 100-ml fractions for the last 1500 m1 of sample collected. 
The concentration of pesticide contained in each fraction of the sample 
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Fig. 6-1. Schematic Diagram of a Typical Column 
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Fig.'6•2 A Pictorial View of the Experimental 
SttJP. for the Col~ Stuq 
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was determined by gas chromatography. After a volume of 2,000 m1 of 
the pesticide solution was pumped through the column, the adsorption 
study was terminated because of the extreme difficulties experienced in 
forcing the solution through the column and also because of water leak-
ages found from time to time at both inlet and outlet ends. After the 
adsorption study, a brief desorption test was conducted. For this pur-
pose, the pesticide solution which remained in each of the three columns 
was carefully siphoned and drained out, and then distilled water was 
percolated through the column in the same manner as that in the adsorption 
test. The concentration or pesticide appearing in each fraction of the 
effluents collected was then determined. The desorption test was conti-
nued until a total volume of 1,000 ml of distilled \.rater Has pumped 
through each column. 
B. Results and Discussion 
The results obtained from the column study on adsorption and desorp-
tion are tabulated in Tables 6-1 and 6-2, respectively. The acl·;,,--ption 
data are also plotted in Fig. 6-3. 
As shown in these adsorption data, the concentrations of pesticide 
in the effluents of Column 2 were greater than those of Column 1 and 
Column 3. The concentrations in the latter two columns were about the 
same although for the first 450 ml of the solution percolated, Column 1 
consistently had a lower effluent concentration than Column 3. The 
maximum effluent concentration found in Column 2 reached about 8 pph, 
while in both Columns 1 and 3 it reached only about 3.5 ppb. 
The above data were somewhat unexpected because in the previous 
rate and also the equilibrium studies (Chapters IV and V), it was consis-
tently observed that leonardite had a much greater adsorption capacity 
Table 6-1. Data of Column Adsorption Study 
Volume Fraction Accumulated Effluent Pesticide Concentration 
"' 
of Sample Volume of (ppb) 
Collected Percolation 1* /' 3'·~ (ml) (ml) Column Column Column 
25 1.2 1.2 2.4 
50 0.5 0.35 1.1 
75 0.25 0.2 1.1 
100 0.2 0.2 0.95 
25 125 0.2 0.2 1.1 
150 0.2 0.75 1.2 
175 0.2 1.7 1.3 
200 0.2 1. 75 1.35 
225 0.2 1.85 1.5 
250 0.2 3.5 1.7 
300 0.2 4.4 1.95 
350 0.2 6.6 1. 75 
50 400 0.2 6.6 1.85 
450 0.2 6.65 2.0 
500 2.1 7.05 2.2 
600 2.25 7.35 i 2.2 I 
700 2.95 6.35 2.25 
800 3.60 7.35 2.25 
900 2.25 7.85 1.65 
1,000 2.10 5.95 3.0 
1,100 2.90 3.7 3.35 
1,200 3.15 4.45 1.5 
100 1,300 -- 5.2 1.2 
1,400 -- 4.45 0.9 
1,500 -- 3.0 2.1 
1,600 -- 3.15 1.2 
1,700 -- 3.2 1.2 
1,800 -- 4.0 1.05 
1,900 -- 3.6 1.05 
2,000 -- 3.1 1.5 
Column 1 contained 300 g of montmorillonite clay; Column 2 
contained 29 7 g of montmorillonite and 3 g of leonardi te ·. 





Table 6-2. Data of Column Desorption Study* 
Volume Fraction Accumulated Effluent Pesticide Concentration 
of Sample Volume of (ppb) 
Collected Percolation Column 1 Column 2 Column 3 (ml) (ml) 
25 0.2 0.05 0.05 
50 0.15 0.05 0.05 
75 0.2 0.05 0.05 
100 0.05 0.05 0.05 
25 125 0.05 0.05 0.3 
150 0.05 0.05 0.3 
175 0.05 0.3 0.05 
200 0.05 0.15 0.0005 
225 0.15 0.05 0.15 
250 0.15 0.15 0.05 
300 0.05 0.15 0.005 
350 o.os 0.001 0.05 
50 400 0.2 0.01 0.05 
450 0.05 0.02 0.05 
500 0.001 0.035 0.01 
600 0.05 0.01 0.005 
700 0.05 0.01 0.0005 
100 800 0.05 0.02 0.0005 
900 0.01 0.02 0.0005 
1,000 0.01 0.01 0.0005 
* This table is correlated to Table 6-1. 
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than montmorillonite. Therefore, it was anticipated that the effluent 
pesticide concentrations would decrease from Column 1 to Column 3, since 
the latter had the largest percentage of leonardite in the adsorbent 
mixture. The reasons which were responsible for the above experimental 
errors may be explained in the following way. 
During the percolation test it was found that each column offered 
an extremely high resistance to flow; therefore the percolation of flow 
was barely made possible by forcing the flmv at some pressure through 
the use of a pulsating-action pump. Unfortunately, because of this, some 
pesticide solutions periodically leaked out at both ends of the columns. 
Furthermore, it was also found that channeling or short circuiting of 
flow occurred from time to time in all three columns, with the frequency 
of occurrence being the maximum in the second column. During the time of 
flow channeling, a small stream of liquid rapidly "seeped" through the 
adsorbent column and reached the effluent with large amounts of adsorbent 
solids in the solution. Because of the channeling of flow, pesticide 
solution would not be able to have sufficient contact with the adsorbent 
before it appeared in the effluent. Since Column 2 experienced more 
serious condition of channeling, the concentration of pesticide in the 
effluent of this column would be high. 
Although the adsorption data appeared somewhat erratic, they give a 
general indication that a 7-inch column of adsorbent was very much effec-
tive in removing pesticide from the solution, as evidenced that more thar1 
92 percent of the initial pesticide concentration were removed at all 
times from all three columns, even though these columns had serious flow 
channeling problems. This would suggest that contamination of ground 
water by organic pesticides through soil percolation seems to be quite 
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impossible since soil is able to adsorb pesticide molecules very effective-
ly before they could reach the ground water. 
The desorption data shown in Table 6-2 gives a strong indication 
that after pesticide was adsorbed by the clay or leonardite, the extent 
of desorption would be a~tremely small. The concentrations of pesticide 
released from all three columns were only a few percent of 1 ppb, with 
a maximum concentration of about 0.3 ppb, which were observed only in a 
few samples. The small extent of pesticide desorption from the experi-
mental adsorbents would indicate that these adsorbents are good materials 
for use as pesticide diluents. Because once the pesticide is adsorbed on 
the adsorbent solids, the toxicant would become very difficult to be 
carried into natural waters unless the adsorbent solids are flushed into 
the aquatic systems. Even in such a case, serious water pollution 
problems may not occur as long as the pesticide continues to stay firmly 
with the solids in the aquatic bottom. 
CHAPTER VII 
SUNl1ARY AND CONCLUSIONS 
Pesticide is a household word in recent years and intense public 
interest and concern have been expressed on pesticide pollution in 
natural waters. There have been some speculations, although many are 
still quite controversial at this time, that the environmental contami-
nation by these toxic materials may cause some subtle long-term adverse 
effects on people. But unfortunately, the continuing use of these 
toxicants seems inevitable in present day life activities, especially 
in agriculture. 
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Scientists have been working hard to find out some ways to alleviate 
pesticide pollution problems. Several different methods have been deve-
loped with various degrees of success. For example, the uses of biolo-
gical means and seasonal rotation of cultivation have been found quite 
successful in controlling some pests without any supplemental use of 
toxic chemicals. The biological control of pests is achieved by the 
conscious intensification of the density-dependent mechanisms - predation 
and parasitism- that continuously operate in natural ecosystems. 
Another significant development in recent years to reduce pesticide 
pollution problems is to substitute biodegradable pesticides for non-
biodegradable ones, so that after a short period of pesticide application 
the toxic chemicals can be decomposed by microorganisms to nonharmful 
substances. For instance, the replacement of some chlorinated hydrocar-
bons by more biodegradable organophosphorus insecticides. But many 
insects are susceptible only to the so-called 11hard" pesticides, notably 
the chlorinated hydrocarbons. 
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In view of the fact that certain !!hard" pesticides will have to be 
used continuously in future years, certain new and improved methods for 
pesticide application have to be developed so that the possibility for 
the applied ~oxicants to gain entrance into natural waters will be kept 
minimal. This may be achieved through selective use of some inert solids 
as pesticide carriers or diluents in agricultural applications. If the 
solids are able to adsorb and hold strongly the applied pesticides in the 
agricultural field, the opportunity for these toxicants to reach an 
aquatic system would be largely reduced. 
For many years clays have been used as pesticide diluents and this 
seems to be a good practice from the standpoint of water pollution con-
trol. In this research study, it has been found that organic humic sludge 
and the leonardite coal material have much greater adsorbing and holding 
capacities for chlorinated hydrocarbon pesticides. Therefore, these 
materials may be better diluents than clays and the potential values of 
these materials in future pesticidal formulations must be further 
explored. In addition, it must also be pointed out that humic sludge is 
a soil conditioner and beneficial to agriculture. The future extensive 
use of humic sludge will also provide a new way for the disposal of the 
large amounts of digested sludge generated daily by municipal waste 
treatment plants. 
Based on the findings obtained from this study, the following con-
clusions can be drawn: 
1. A large fraction of the initial amount of pesticide in the test solu-
tion can be adsorbed very rapidly (within a few to about 20 minutes) 
by humic acid sludge and leonardite material. The exact amount of the 
initial stage of adsorption is a function of the adsorbent concentration. 
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After the initial rapid uptake, the second stage of adsorption appears 
to be gradual. 
2. The relative rates of dieldrin adsorption by the following three 
different adsorbents decrease in the order of: clay > leonardite > 
humic acids. 
3. Both humic acid sludge and leonardite are able to form a layer of 
water film around the aprticle surface because of their hydrophilic 
nature; the thickness of the water film is greater for humic acids 
than leonardite. The first stage of rapid pesticide adsorption by 
the dry-powder adsorbents is due to the direct deposition of pesti-
cide molecules on the particle surfaces before the water film is well 
developed. The second stage of gradual adsorption is attributable to 
the gradual diffusion of additional pesticide molecules across the 
water film and then reach the particle surface. 
4. The equilibrial adsorption of dieldrin and heptachlor by humic acids 
and leonardite is generally in well accord with the Freundlich iso-
therm. In some cases the straight line in the isotherm is deflected 
into two distint slopes due to the fact that at a high adsorbent 
level, the concentration of pesticide in the test solution becomes a 
limiting factor for adsorption. 
5. Humic acids in the dry-powder form have a somewhat higher adsorption 
capacity, yet small desorption potential, than that of the colloidal 
suspension form. This is because certain amounts of pesticide can be 
very rapidly adsorbed on the dry-powder particle surface before the 
water film is developed around it. 
6. The magnitude of pesticide adsorption depends on specific pesticide-
adsorbent combinations. In general, humic acids are able to adsorb 
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more, yet desorb less pesticide than leonardite, which in turn adsorbs 
more and desorbs less pesticides than clay minerals. Also, heptachlor 
appears to be more easily adsorbed than dieldrin. 
7. The adsorption of the experimental pesticides by humic acids and leo-
nardite is generally irreversible as evidenced by the non-coincidence 
nature of the adsorption and desorption isotherms. In general, the 
extent of pesticide desorption is minimal, if it ever occurs. This 
suggests that the. mechanism of pesticide adsorption is accomplished 
primarily by some strong forces of interactions; these include, but 
are not limited to, the dipole-dipole or ion-dipole interactions, and 
the formation of the hydrogen bonding or some other types of chemical 
bonding. 
8. Percolation of pesticide solution through a laboratory column contain-
ing an adsorbent mixture of montmorillonite and leonardite is extremely 
difficult, even if it is operated under pressure. Preliminary results 
of the column study substantiate the fact that the pesticide adsorption 
by leonardite and clay is generally very rapid and irreversible. 
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PROCEDURE FOR THE EXTRACTION OF HUMIC ACIDS FROM LEONARDITE 
Prior to the extraction of humic acids, the material of leonardite 
must be properly prepared. First, it was air-dried at room temperature, 
about 25°C, in large pans and was pulverized in an elctric-operating 
soil shredder until it all passed through No. 40 sieve (0.420 mm). The 
pulverized material was then thoroughly mixed to assure a uniform com-
position. The air-dried, pulverized leonardite maintained an equilibrium 
water content of about 15 percent and had a consistency like baking 
flour. 
The procedures for the extraction was established according to the 
fractionation outline presented in Fig. 3-3 and are generalized as follows: 
1. Dissolve 40 g of the air-dried, pulverized leonardite in 500 ml of 
a 1 N solution of NaOH at room temperature; allow it to stand for 
24 hours to insure complete dissolution. 
2. Centrifuge twice to remove the insoluble material present in the 
solution. 
3. Adjust the pH of the extracted humus solution (i.e., supernatant) 
to 2 with concentrated HCl. 
4. Remove the precipitated humic acids by centrifuging, wash with 
distilled water, and centrifuge three times, and then disperse the 
black sludge (i.e., humic acids) in a large glass bottle filled 
with 1,250 ml distilled water for storage as a colloidal suspension 
in a refrigerator. 
(Note: The centrifuging time and velocity were standardized at 
40 minutes at a force of 1,600 G.) 
APPENDIX II 
GAS CHROHATOGRAPHIC ANALYSIS OF CHLORINATED 
HYDROCARBON PESTICIDES 
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The aqueous solubilities of chlorinated hydrocarbon pesticides such 
as dieldrin and heptachlor are on the order of parts per billion (ppb) . 
Trace quantities of these pesticides present in water cannot be accurately 
measured without the use of some sophisticated instrument such as the gas 
chromatograph employing an electron capture detector. For this reason, 
the investigations l..rere made with a Varian Aero graph Gas Chromatograph, 
Hodel 1520-lB (see Chapter III). 
The electron capture detector is tremendously sensitive to chlori-
nated compounds and therefore, able to analyze a pesticide concentration 
in the ppb range (40). It is also conveniently not sensitive to ordinary 
volatile organic compounds Hhich are invariably present in the extracts 
of plant material. Thus, troublesome and messy clean-up procedures are 
largely avoided. However, this type of detector will become non-func-
tionable if trace amounts of water vapor pass through the detector cell. 
As a consequence, direct injection of aqueous pesticide solution into the 
gas chromatograph is not permitted. The pesticide in aqueous solution 
must be first extracted with a selected solvent such as hexane and the 
extract is next cleaned up with a small amount of Florisil and then sub-
jected to the gas chromatographic analysis. The following paragraphs will 
describe the procedures employed in this study for the pesticide extrac-
tion and the gas chromatograph operation. 
A. Pesticide Extraction Procedure 
1. Pipet 25.0 ml of the test pesticide suspension into a 50-ml size 
Pyrex glass centrifuge tube. 
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2. Centrifuge the test suspension for a varied time (from 8 minutes to 
1 hour) to separate solids from liquid solution. 
3. Pipet 20.0 ml of the supernatant into a separatory funnel. 
4. Add 4.0 ml of hexane to the separatory funnel. 
5. Shake manually the separatory funnel for 2 minutes, then allow it 
to stand for about 5 minutes in order to separate hexane from the 
liquid solution. 
6. Drain off the liquid solution first and then collect the hexane 
extract in a 10-ml test tube. 
7. Add about 1 g of Florisil to the test tube containing the hexane 
extract. Shake the contents briefly and a certain amount of clear 
extract would result. This clear extract is then used for injec-
tion. 
8. If the extract is not analyzed immediately, cap the test tube and 
keep it in the refrigerator until analysis. 
B. Gas Chromatograph Operation Procedure 
1. Set up the following accessories on the gas chromatograph for tl1e 
analysis of chlorinated hydrocarbon pesticides: 
a. Pyrex glass injector tube 
b. Pyrex glass column packed with 5% Dmv-11 on 80/100 mesh htgh 
performance Chromosorb W 
c. Electron capture detector 
d. High purity nitrogen gas 
(Note: all these accessories except the nitrogen gas are products 
of Varian Aerograph) 
2. Adjust the gas chromatograph to the following operation conditions 








N2 at 60 ml/min 
3. Switch on the detector cell potential. 
4. Switch on the recorder. 
5. Use the attenuation and bucking controls to adjust the base line 
of the detector signal out-put to about 90 percent transmittance 
position on the recorder chart paper. 
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6. Use a 10-ml size Hamilton microsyringe to inject 2 wl of the hexane 
extract into the gas chromatograph; wait for the peak (or peaks) 
to appear on the chart paper before the injection of the next 
sample. 
7. The concentration of test pesticide is determined by measuring the 
area under the chromatogram obtained for a given sample, and then 
comparing this area with the calibration curves prepared from 
known amounts of the standard pesticide ranging from 0.1 to 1.0 ppm 
of solution. 
8. After completion of the sample injections, reduce the column 
temperature and the carrier gas flow rate. The rest of the operat-
ing conditions remain the same. 
